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STIMULUS CORRELATES OF VISUAL PATTERN 
RECOGNITION: A PROBABILITY APPROACH ! 
PAUL M. FITTS, MEYER WEINSTEIN,? MAURICE RAPPAPORT; 

NANCY ANDERSON, AND J. ALFRED LEONARD * 
The Ohio State University 


In studies of visual pattern percep- 
tion it has been customary to specify 
stimuli in terms of their physical char- 
acteristics. Among the stimulus 
characteristics that have been singled 
out for special study are regularity 
and symmetry (14, 19), area, perim- 
eter, and maximum dimensions (6), 
number of elements (8), number of 
angles and line segments (12), num- 
ber of indefinitely extended straight 
lines (4), and texture (9). 

It is also possible to classify visual 
stimuli in probability or statistical 
terms by reference to a parent popula- 
tion and to the sampling process by 
means of which a set of figures is 


! This research was conducted in the Labora- 
tory of Aviation Psychology of The Ohio State 
University through support from a contract be- 
tween the Office of Naval Research and the 
OSU Research Foundation (Contract No. Nonr- 
495(02). The authors are listed serially in the 
order of their original association with the proj- 
ect. Dr. Oscar S. Adams also contributed to 
the early tormulation of the concepts and 
methods underlying this research. 

*Now at the Aero Medical Laboratory, 
Wright-Patterson Air Force Base, Dayton, Ohio. 

* Now at the Stanford Research Institute, 
California. 

* Visiting Research Associate from the Medi- 
cal Research Council, Applied Psychology Re- 
search Unit, Cambridge, England. 


selected from this population. A 
probability approach to the study of 
perceptual processes is suggested by 
recent developments in information 
theory and in statistical learning 
theory, and has been specifically pro- 
posed by Attneave (2, 3). This ap- 
proach represents an extension of 
existing methods and theories. It 
offers promise as a supplement to 
methods and theories that emphasize 
habits and expectancies, dynamic 
field effects, or the role of specific 
stimulus features in perception. 

Studies of the effects of language 
habits (16, Chap. 10) and of the in- 
fluence of context and verbal instruc- 
tions (5) on visual perception are in a 
sense concerned with factors that in- 
fluence the probabilities of occurrence 
of responses to visual stimuli. The 
present approach makes available to 
those who wish to pursue this line of 
investigation a method for precise 
quantitative control over the prob- 
ability characteristics of the stimuli, 
plus a method for generating an al- 
most unlimited number of stimuli to 
which there are few stereotyped or 
pre-established responses. 

A probability approach to the study 
of perceptual processes also makes 
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available new methods for the study 
of relations among the parts of visual 
patterns and for the study of visual 
field effects. It is equally well 
adapted to the quantitative specifica- 
tion of temporal sequence effects and 
to the specification of the spatial de- 
pendencies among the parts of figures. 

The approach outlined in the pres- 
ent paper also provides a supplemental 
method that can be used by investiga- 
tors who are interested in examining 
the characteristics of individual stim- 
ulus patterns and in studying the 
formation of associations between 
specific stimuli and specific responses. 
In other words, O’s response to a par- 
ticular visual pattern may be con- 
sidered to be a function both of the 
unique characteristics of that pattern 
and of the probabilities associated 
with the class of figures of which it is 
a member. The conventional ap- 


proach emphasizes differences within 
classes of figuies, whereas the prob- 


ability approach emphasizes differ- 
ences between classes. As an illus- 
tration, in the present paper within- 
class variations among visual patterns 
are treated as random variations 
around sample means, but they could 
also be studied in their own right. 
The use of special sampling procedures 
that have the effect of restricting the 
set of stimuli to a homogeneous sub- 
class of visual patterns represents an 
intermediate step in which specific 
types of differences among figures can 
be investigated. 

Since a probability approach to per- 
ception is of general interest to stu- 
dents of learning as well as to those 
interested in perception, we shall de- 
scribe the method employed in gener- 
ating statistically definable stimuli 
and discuss briefly the concepts em- 
ployed in specifying stimuli in prob- 
ability terms before turning to the re- 
sults of two specific experiments em- 
ploying these methods. The method 


employed in measuring pattern rec- 
ognition, and the empirical and ra- 
tional bases for the selection of a 
recognition task for the study of per- 
ceptual processes, have been presented 
in the preceding article in this series 


(1). 


STATISTICAL PROPERTIES OF 
VisuaL Ficures 


Procedures for generating stimuli.—One 
of the most distinctive properties of any 
visual figure is its contour or outline. In 
order to deal quantitatively with this 
property of visual forms, it is convenient 
to quantize the contour, i.e., to permit it 
to change in discrete steps rather than 
continuously. Quantization can be 
achieved by constructing solid figures in 
a two-dimensional matrix, the cells of 
which constitute the unit variations in 
figure contour. As an illustration, con- 
sider two symmetrical matrices, 4X 4 
and 8 X 8, in which the individual cells 
of the 64-cell (8 K 8) matrix are one 
fourth the area of those of the 16-cell 
matrix (see Fig. 1). Solid figures are 
generated within tiiese matrices as fol- 
lows: Starting with the left-hand column 
or at any other convenient position, a 
number greater than zero, but not ex- 
ceeding the number of possible quantiz- 
ing steps in that row or column, is deter 
mined by application of some sampling 


} 
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8X6 MATRIX (24 BITS) 


Fic. 1. Construction of metric figures. 
Two matrices, consisting of 4 X 4 and 8 X 8 
cell units, are shown with illustrations of asym 
metrical figures constructed by sampling contour 
details with replacement (see the two center pat- 
terns) and by sampling details without replace- 
ment (right-hand patterns). 
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procedure. This number determines the 
magnitude of area contained within that 
portion of the figure. The sampling pro- 
cedure is continued until a magnitude has 
been determined for each portion of the 
figure. Corresponding black figures such 
as those shown in the first column of Fig. 
1 are then constructed on a white back- 
ground. Solid figures constructed in 
this manner have a maximum of 4 and 8 
contour details, respectively. In order 
to emphasize the fact that visual patterns 
constructed in this manner, both indi- 
vidually and collectively, are capable of 
precise quantitative specification, we 
propose to call them metric figures,’ where 
metric is used in the sense “pertaining to 
measurement.” 

If each detail of the contour of a solid 
metric figure of the sort described above 
is determined independently by a ran- 
dom sampling procedure, it is possible to 
generate N = r different figures in an 
r X ¢ matrix—256 in the 4 X 4 matrix, 
and 16,777,216 in the 8X 8 matrix. 
Adopting the convenient information 


notation, the random selection of one 
figure from among each of these two 
populations can be said to generate log: N, 
or 8 and 24, bits of information, respec- 


tively. Considered from an alternative 
viewpoint, the selection of the magnitude 
of any one contour detail (column height) 
in the 4 X 4 matrix involves the choice 
of one in four equally-likely alternatives, 
or 2 bits of information, and thus the 
independent selection of four columns 
again is seen to require 4 X 2 bits, or 8 
bits of information. 

The average amount of information 
required to specify one from among all 
the possible solid figures that can be 
generated in a given matrix by a random 
sampling process is proposed as a quanti- 
tative (statistical) measure of the degree 
of complexity characterizing the figures 
generated in that matrix. From this 
viewpoint all solid figures generated in 
any matrix of a particular size are de- 
fined as equally complex. Complexity, 


* The term histoform has also been suggested 
as an appropriate name. 

* Alternatively stimulus complexity could be 
defined in terms of actual rather than maximum 
possible information; however, the definition 
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as here defined, is a statistical property of 
the population from which stimuli are 
selected by E; the definition is independ 
ent of S’s performance, independent of 
the sampling operation, and independent 
of the particular stimulus patterns that 
result from the sampling operation. 
Other statistical characteristics of stimuli 
such as the ratio of actual to potential 
information, as well as certain physical 
features, will also need to be specified in 
a complete description of a set of stimuli. 

Sampling rules.—The maximum num- 
ber of different solid metric figures that 
can be generated in any matrix is that 
number resulting from the use of a ran- 
dom sampling procedure. Any nonran- 
dom sampling procedure will produce 
fewer total figures, and by definition, 
figures possessing some degree of relative 
redundancy. The degree of relative re 
dundancy characterizing a_ particular 
class of metric figures is here specified in 
the conventional way as one minus the 
ratio of actual to possible information per 
figure, and is a function of the degree of 
restriction characterizing the sampling 
process. 

Many different nonrandom sampling 
procedures can be employed in generat- 
ing metric figures and each has associated 
with it a particular degree of redundancy. 
As one illustration, if the constraint is 
such that each contour detail appears 
once and only once in a given figure, then 
the total set of figures that can be gener- 
ated in an m X n matrix is reduced from 
n® to n! and the relative redundancy of 
the resulting figures is one minus the 
ratio of log n! to log nm". In the case of a 
4 X 4 matrix this amounts to the intro- 
duction of 42.75% redundancy. This 
particular sampling constraint, which 
corresponds to sampling of contour de- 
tails without replacement, insures that 
all figures generated in any m X nm matrix 
will have equal areas and an equal num. 
ber of corners, An equal-area restriction 
can also be imposed in other ways. As 
an illustration, the 256 solid figures that 
can be generated in a 4 X 4 matrix by a 
random process vary in total area from 
4to 16 units. If only figures of 10 units 


recommended here permits a sharper distinction 
to be made between complexity and redundancy 
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of area (the mean area) are used, thed 
only 44 different figures are possible ann 
relative redundancy becomes 31%. If 
figures are restricted to any one of the 
other 12 possible areas then redundancy 
will be greater than 31%. 

Redundancy can also be introduced by 
. making one part of the contour of the 
figure partially or completely dependent 
on some other part. As an illustration, 
a figure can be constructed in one-half of 
a matrix and either (@) a simple reproduc- 
tion, or (4) a mirror-image reproduction 
can be formed in the other half (see Rows 
B, C, E, and F in Fig. 3). In this ex- 
ample both types of dual-contour metric 
figures have the same relative redundancy 
(50%). Redundancy also results when 
different contour details are sampled 
with unequal frequency. 

From this,brief discussion it should be 
clear that it is possible to study not 
merely the effects of redundancy per se, 
but also the effects of introducing redun- 
dancy by different methods. There is no 
a priori reason for believing that all types 
of redundancy necessarily have a similar 
effect on perceptual processes, and the 
problem can be treated as involving the 
effects of different methods of stimulus 
coding. 

Addition of noise-——The concepts of 
noise level, and of signal-to-noise ratio, 
have been widely used in auditory re- 
search and in the specification of com- 
munication systems. A signal is cus- 
tomarily defined as conveying some kind 
of message, and a noise as any source not 
coherent with this message. The tech- 
niques described above for generating 
metric figures lend themselves readily to 
the precise specification of different kinds 
of visual perturbation or noise effects. 
As an illustration, a metric figure can be 
distorted by the addition or deletion of 
unit increments to its contour (see Fig. 
2A), the amount of perturbation and the 
particular details which are to be modi- 
fied again being determined by specified 
laws of probability. Another type of 
perturbation is one affecting all units of 
the figure and of its background, for ex- 
ample, a noise source which would change 
some of the black cells of the figure into 


so: ss 
‘ 
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Fic. 2. Two types of visual noise. The 
first figure in Rows 4 and B is undistorted or 
noise-free. In the remaining figures of Row 4 
three levels of visual noise (6.25%, 12.5%, and 
25%) have perturbed the cells adjacent to the 
contour lines; in the remaining figures of Row B 
three comparable noise levels have affected all 
cells of the matrix. Noise level is here defined 
as the probability that the brightness of a given 
cell will be reversed. 


white cells and some of the white cells of 
the background into black cells (see 
Fig. 2B). 

It is possible to study the effectss of 
different types as well as different levels 
of noise. A topic of special interest to 
engineering psychology is the possible 
use of different types of redundancy to 
combat the effects of various kinds of 
noise. At a theoretical level the sys- 
tematic study of the effects of noise 
offers a new approach to such problems 
as form constancy and the perception of 
designs masked by more complex designs 
(10). 

Specific physical features of stimuli.— 
In constructing metric figures by means 
of the statistical procedures described 
above it is necessary to specify certain 
physical features of all the figures in a 
sample. Among these are (a) over-all 
area, (4) the ratio of maximum height to 
width, (c) the dimensions of the cells of 
the matrix, (d) the number of quantizing 
units assigned to each of the dimensions 
of the matrix, (¢) the spatial orientation 
of the figures, and (f) brightness-contrast 
relations. The effects of these and other 
physical features can be studied concur- 
rently with the effects of the statistical 
properties of the metric figures. 

Sample size.—The size of the sample of 
figures used in a particular experiment is 
a central problem for the present meth- 
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odology. The results of several com- 
pleted investigations (17, 18) indicate 
that individual differences among the 
figures comprising a sample are of the 
same order of magnitude as are individual 
differences among Ss. Interactions be- 
tween different samples of figures and 
experimental effects have generally been 
found to be nonsignificant. The use of 
single samples of eight figures has been 
found to be satisfactory for perceptual 
learning and transfer studies, and for 
testing hypotheses when experimental 
effects are relatively large. The deter- 
mination of precise psychophysical func- 
tions with highiy practiced Ss, however, 
appears to require the use of larger sam- 
ples, or the use of experimental designs in 
which different randomly drawn samples 
of figures are used for each S as well as 
for each condition studied. 

Verbal associations.—One feature of 
the metric figures here described, which 
may be of special interest for students of 
learning, is their low degree of meaning- 
fulness. Unlike other commonly used 
visual stimuli, such as colors and geo- 
metric symbols, few of the metric figures 
elicit stereotyped verbal associations. 
In some respects they may be less mean- 
ingful than nonsense syllables. Thus, 
they may prove to be useful in many ex- 
perimental situations where alternative 
sets of homogeneous stimuli are needed. 

A research program.—The preceding 
discussion does not exhaust the ways in 
which the statistical properties of metric 
figures can be varied. However, it illus- 
trates some of the possibilities offered by 
a probability approach to the study of 
form perception. The three concepts, 
complexity, redundancy, and noise, to- 
gether with certain associated physical 
features of stimulus patterns, provide 
the basis for an extensive program of 
research. Two studies, carried out as 
part of such a program, are reported 
here. 

Experiment | 


This experiment was designed to investigate 
the effects of three stimulus factors, (a) single vs. 
double vs. bilaterally symmetrical figures, (b) 
figures constructed by sampling of contour de- 
tails with replacement (randomized sample) vs. 
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sampling without replacement (constrained 
sample), and (c) horizontally va. vertically 
oriented figures. Speed in recognizing visual 
patterns was the dependent variable. 


Method 


Stimulus variations.—Three types of metric 
figures were employed. The first was an asym- 
metrical single-contour figure constructed in an 
8 & 8 matrix (see Fig. 3A and3D). The second 
was an asymmetrical double-contour figure con- 
structed in a 16 X 8 cell matrix (Fig. 3B and 
3E). The third was a symmetrical double-con- 
tour figure also constructed in a 16 X 8 cell 
matrix (Fig. 3C and 3F). All three types of 
figures were constructed in matrices of equal 
over-all area (.8 X .8 in.), by a sampling process 
that involved the same amount of actual informa- 
tion. However, since the figures with double 
contours could have contained twice as many 
unique 3-bit details as the single contour figures 
they are 50% redundant with respect to the 
single-contour figures. These three types of 
figures permit a comparison of the effect of two 
methods of introducing redundancy, both of 
which involve replication of a part of a contour, 
with amount of actual information per figure held 
constant. 

Samples of eight metric figures of each of the 
three types were generated by two different 
sampling procedures. Under the first procedure 
it was specified that each contour detail of a 
figure be selected independently by reference to 
a table of random numbers with the restriction 
that each detail appear with equal frequency in 
the sample of eight figures but not necessarily in 
each individual figure. This procedure is 


a me ld le ad hs 
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Fic. 3. The six sets of metric figures em- 
ployed in Exp. I. The figures in Rows 4, B, and 
C were generated by randomized sampling; those 
in Rows D, E, and F were generated by sampling 
without replacement. 


C am" 
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equivalent to random sampling of contour de- 
tails without replacement from a finite popula- 
tic, of 64 details (eight of each category of 
height). It should be noted that the first figure 
selected in this manner could be any one of al- 
most seventeen million figures. Figures gener- 
ated by this procedure will be referred to here- 
after as randomized metric figures. Under the 
second sampling procedure it was specified that 
each contour detai} be selected by means of a 
random process with the important restriction 
that each detail appear once and only once in the 
contour of each figure. Approximately 40,000 
figures can be generated in an 8 X 8 cell matrix 
by this procedure, which is equivalent to sam- 
pling of contour details without replacement from 
a finite population of eight different details. All 
figures generated by this process have equal area. 
They will be referred to hereafter as constrained 
metric figures. The two samples of figure con- 
tours were reproduced in each of the three ways 
described in the preceding paragraph. Seven 
replications were made of each figure. 

Figures were surrounded by a .4-in. white 
border and were mounted in 1.6 X 1.6-in. plastic 
covers to protect them from being defaced by 
handling. 

Figures were used in two orientations, hori- 
zontal and vertical. ‘The horizontal orientation 
is that shown in Fig. 3 and will be called the 3 
o'clock orientation. The vertical or 6 o'clock 
position involved a 90° rotation of each figure 
from the 3 o'clock positions. At 6 o'clock the 
base of the asymmetrical figure is on the left and 
the distinctive contour on the right. 

Recognition task and apparatus.—The recogni- 
tion task employed in the present study is an 
improved version of a sorting task employed in 
an earlier study (1) in which the relations among 
11 measures of visual discrimination were in- 
vestigated. Results of the earlier study indicate 
that the performance measure provided by the 
present task agrees closely with measures of 
legibility and speed of learning. The task re- 
quires the type of visual discrimination that is 
the basis of man’s ability to identify a particular 
pattern from among a group of similar patterns, 
but does not require that he name or describe it. 
One of the advantages of the use of this type of 
task is that Ss do not require long -preliminary 
training periods. 

A sketch of the apparatus employed in the 
recognition task, as viewed by S, is given in Fig. 
4. It consisted of a 36 X 40-in. sorting board 
on which were arranged six rows of eight figures 
each. The front edge of the board was 40 in. 
from the floor and the board sloped upward at 
10°. Figures were supported by thin wooden 
strips so that they were approximately perpen- 
dicular to the line of sight, and could easily be 
turned over. At the top of the board was a 


| Push Button 


Fic. 4. Schematic drawing of the test board 
with the shutter open. The S has located and 
turned over the test figure in the first four rows. 


holder for a test figure. 
push-button switch. 

A six-bladed shutter could be positioned so 
that it shielded all figures except the test figure 
from S’s view. When released by £, the shutter 
slid down into a position which exposed all 
figures. A .Ol-sec. timer was automatically 
started by the opening of the shutter. 

Cushioned headsets were provided through 
which 5s heard broad-band noise at about 60 db. 
Illumination was uniform and nonglare. 

The sorting board was arranged so that the 
same sample of eight homogeneous figures ap 
peared in each row with uniform orientation. 
The order of figures along each row was deter- 
mined by independent shuffling, the only 
restriction, being that the same figure not appear 
in the same position in adjacent rows. The S 
stood in front of the board and wore the headset. 
He was given 2 sec. to inspect the test figure 
The shutter was then opened, and he began to 
search for the test figure beginning with the top 
row. As soon as he located the figure he flipped 
it over, using his right hand, and went on to the 
next row. He could verify the identity of the 
figure by means of an easily read color code on 
the back. After finding the sixth figure S pushed 
the button at the bottom of the board. This 
stopped the timer. The method of correction 
was ciaployed whenever errors occurred, but 
errors were very infrequent. Completion of 
one sorting board, requiring the recognition of 
six replications of the test figure, constituted one 
item of the test. 

A trial consisted of a sequence of eight items, 
during which each figure in the sample of eight 
served once as the test figure. The order of the 
items in a trial was determined independently 
for each S by shuffling the set of eight test figures. 


At the bottom was a 
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Fic. 5. Average recognition time in seconds per 
figure for the three factors studied in Exp. I. 


After each trial the figures on each row of the 
sorting board were also taken up, shuffled, and 
replaced. 

Each S was given six trials a day for two days. 
At the end of this time he had been tested once 
on each of the eight figures in each of the two 
samples, reproduced in each of the three ways, 
and oriented in each of the two positions. The 
order of the 12 conditions was determined by 
reference to a table of random numbers and was 
different for each S. This procedure was re- 
peated on two av litional days, so that the entire 
experiment was replicated twice over a total 
period of four days. The first replication was 
treated as a practice period and only the data for 
the last two days were analyzed. 
Twelve 
students served as Ss. 
wages. 


Subjects. volunteer male college 


They were paid hourly 
Scores.—The time required by S to complete 
each item was recorded. ‘This measure included 
the time required to turn over the six figures 
constituting an item (manipulation time) plus 
the time required to stop the clock atcer the last 
figure was located. The average time to com- 
plete an item, divided by six, was taken as the 
time in seconds required on the average to locate 
and turn over a single figure. This time per 
individual figure is the measure reported in the 
results section. Two clocks were used. One 
was read and reset by E after each item; the 
other was allowed to accumulate time until the 
end of a trial. At the end of each trial S was 
told his over-all time for that sample of figures 
to the nearest .1 min. In early pilot studies time 
was recorded separately for each of the six sub- 
parts of anitem. These times were found to be 
unimodal and nonskewed, and the present timing 
procedure was adopted because of itu greater 
convenience. 

Errors were so few that they were not re- 


corded. 


Results 


The mean identification times per 
figure, pooled across samples of eight 
figures and across the 12 Ss, are shown 
in Fig. 5 for each of the 12 experimen- 
tal conditions. By far the largest 
difference in recognition time was that 
attributable to the difference between 
randomized and constrained figures. 
On the average, the recognition of a 
constrained figure required .7 sec. 
longer than did the recognition of a 
randomized figure. Each of the 12 
Ss had faster mean recognition times 
for the randomized figures than for the 
constrained figures, and each of the 
three types of figures in both orienta- 
tions were recognized more quickly 
than were corresponding figure types 
in the randomized sample. 

A four-variable analysis of vari- 
ance, with Ss as one variable, was 
carried out and evaluated as a mixed 
model (15, p. 330). The results are 
summarized in Table 1. The triple 
interaction of the three stimulus vari- 
ables was significant, as was the inter- 
action of orientation with sampling 
rule and the interaction of orientation 


with type of figure. The difference 


TABLE 1 


Anatysis or Variance vor Exp. I 


Source | 


Subjects (S) 

Type of figure (F) | 
Orientation (O) 
Sampling rule (R) 
SXF 
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* Significant at P < . 
** Significant at P < Ol. 
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between the two sampling procedures, 
which accounted for more than half of 
the total sum of squares, was also 
significant as were the other two main 
variables, type of figure and orienta- 
tion. 

In order to examine further the 
effects underlying the triple interac- 
tion, and the interaction of orientation 
with each of the other main variables, 
the data for each of the two sampling 
methods, random and constrained, 
were examined by means of separate 
analyses of variance. 

For the randomized figures the 
interaction of orientation and type of 
figure was highly significant (P < 
Ol). Referring to Fig. 5, it will be 
seen that single-contour randomized 
figures were identified about .3 sec. 
more rapidly when they were oriented 
horizontally or base down, the mirror- 
image figures were identified more than 
.2 sec. faster when they were oriented 
vertically, and the double figures were 
relatively unaffected by orientation. 

For the constrained figures, vertical 
orientation was superior by .2 sec. or 
more in the case of all three types of 
figures and this effect was highly sig- 
nificant (P < 01). None of the in- 
teractions among the constrained fig- 
ures were significant. 

It should be noted that the main 
difference in scores for the two sam- 
pling procedures was the effect of 
orientation on the single-contour fig- 
ures. Figures of this type belonging 
to the randomized sample were identi- 
fied more quickly on the average when 
viewed base down, whereas corre- 
sponding figures from the constra:ned 
sample were recognized more rapidly 
when viewed with the base to the left. 


Experiment II 


In Exp. II the investigation of the effect of 
orientation was extended to include figures 
oriented in each of the four cardinal positions. 


Randomized sampling was employed with all 
figures since the significant interaction of orienta- 
tion and type of figure which had been found 
previously with the random sample appeared to 
warrant further study. 


Method 


The same sample of eight random figure con- 
tours, the same 12 Ss, and the same recognition 
task were employed as in Exp. 1. Each S was 
tested with the three types of figures in each of 
four orientations (3, 6, 9, and 12 o'clock), i.e., 
under 12 experimental conditions. One familiar- 
ization session was given with the figures in the 
two new orientations (9 and 12 o’clock) in order 
to provide the same amount of practice on these 
new orientations as had been given previously 
on the 3 and 6 o'clock orientations. The famil- 
iarization session was followed by two test ses- 
sions. Six experimental conditions were em- 
ployed per session. ‘The order of the 12 condi- 
tions again was random and different for each S. 


Results 


Mean recognition times within sam- 
ples pooled across Ss and figures are 
given in Table 2. The results of an 
analysis of variance of the data are 
summarized in Table 3. 


TABLE 2 
Mean Recocnirion Time per Ficure rn 
Seconps rok Tue Conpirions or Expr. Il 


(Data pooled for 12 Ss and 8 
figures per condition) 





Orientation* 


3 O'clock 
(1.55) 


9 O'clock 
(1.52) 


12 O'clock 
(1.45) 


1.50 
1.60 


1.34 


Over-all Mean (1.49) 


* The 3 o'clock orientation is that shown in Fig. 3 
other orientations represent successive 90° clockwise 
rotations. The 3 and 9% o'clock positions have base 
line horizontal, 6 and 12 o'clock position have base line 
vertical. 


1.44 
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TABLE 3 


Anatysis or VARIANCE ror Ranpom Ficures 
in Exp. Il 


(Same 8 figure contours under 
each condition) 


Mean 
Square 


Source df 
Subjects (S) il 316 
Type of figure (F) 2 425 
Orientation (O) 3 O89 
SXF 22 024 
SxO 33 021 
FxXO 6 O13 
SxFxO 66 024 

Total 143 


wae 
4.24* 














* Significant at P < .05. 
** Significant at P < O01. 


There was continued improvement 
in the speed with which Ss recognized 
the figures in these particular samples. 
The average improvement over com- 
parable conditions in Exp. I repre- 
sented a 17% reduction in time, and 
for individual conditions ranged from 
5 to 24%. 

Orientation and type of figure both 
led to significant variations in rec- 
ognition time. The mirror-image fig- 
ures were recognized most rapidly, 
and the double-contour, asymmetrical 
figures were recognized most slowly. 
The two vertical orientations (major 
axis at 6 or 12 o’clock) were sorted 
significantly (P < .05) faster than 


were the two horizontal orientations. : 


However, the differences between the 
two vertical (6 and 12 o’clock) and 
between the two horizontal (3 and 
9 o'clock) orientations of the figures 
were negligible in magnitude. 


Discussion 


The use of a randomized vs. a con- 
strained sampling procedure for generat- 
ing figures resulted in the largest effect on 
recognition time of any of the stimulus 
variables included in these two experi- 
ments. On the basis of the relation of 
response time to stimulus uncertainty 


(11, 13) it might have been predicted 
that the constrained figures would be 
recognized more quickly, since the 
amount of information per constrained 
figure is much less than that for the ran- 
dom figures. Exactly the opposite effect 
was found. In interpreting these results 
we attribute the effect not to the fact 
that information content of the metric 
figures was reduced by the introduction 
of redundancy, but rather to the fact that 
an unfavorable form of redundancy was 
introduced in the figure contour. 

At a descriptive level the constrained 
figures certainly give the appearance of 
being more similar to each other than the 
random ones. It has already been stated 
that they do not differ in area or in the 
number of corners; there is also the ab- 
sence of certain distinctive cues such as 
identical adjacent details. Increased 
similarity nevertheless is not a wholly 
satisfactory answer for these results, ex- 
cept in the sense that it raises a number of 
questions. The primary question con- 
cerns the stimulus determinants of simi- 
larity. A further question is the extent 
to which the effects found with con- 
strained figures result from presenting S 
with sets of figures simultaneously or 
from properties of the single figures. In- 
cidental observations from other studies 
carried out in this program suggest that 
when a constrained-type figure appears 
by chance as a member of a random sam- 
ple it may still show a long sorting time. 
In any case, there is reason to believe 
that the use of different sampling pro- 
cedures may prove a useful method for a 
quantitative analysis of perceptual simi- 
larity. 

The results for the two sampling pro- 
cedures and for the three types of figures 
all support the general hypothesis, for 
the noise-free case, that the introduction 
of redundancy may either facilitate or 
hinder pattern recognition, depending 
on the way in which it is introduced. 
The problem posed by these findings is 
that of determining the effects of differ- 
ent types and degrees of redundancy and 
of examining the effects of complexity 
as variables influencing pattern recogni- 
tion. 
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The finding regarding the superior per- 
formance with vertically oriented, bi- 
laterally symmetrical figures supports one 
of the incidental findings from an earlier 
study (1) in this series, and might have 
been predicted in the light of observa- 
tions from other types of investigations 
(14, 19). Data from tracking studies 
(7) also indicate that Ss show greater 
facility in responding concurrently to 
two stimuli that are symmetrical around 
a vertical axis (left-right separation) than 
around a _ horizontal axis. Life-long 
experience in dealing with vertical bi- 
laterally symmetrical figures may par- 
tially account for this effect. Many 
everyday objects such as people, trees, 
and milk bottles, present this type of 
double contour. It is also possible that 
the effect may be related to anatomical 
redundancy (the visual system itself is 
bilaterally symmetrical around a vertical 
axis) or to greater facility in responding 
to peripheral details in the lateral than 
in the vertical areas of the visual field. 

A word of caution is called for at this 
time regarding the possible limitation of 
the present findings to recognition-type 
tasks. In a previous study (1) recogni- 
tion performance with a set of visual 
patterns was found to correlate moder- 
ately highly with errors and trials in 
learning names for the same visual pat- 
terns. However, just as different ways 
of introducing redundancy appear to have 
differential effects on recognition per- 
formance, so redundancy and other 
stimulus variables may have different 
effects on other kinds of perceptual proc- 
esses. Attneave’s (3) results with some- 
what different types of patterns and re- 
production tasks indicate such differ- 
ences. 

A comparison of the data for the two 
experiments suggests that learning pro- 
ceeded at differential rates for different 
classes of figures. For example, 11 of 
the 12 Ss showed a larger percentage 
improvement in speed of recognition 
during Exp. II, relative to their own 
earlier performance in Exp. I, for the 
vertically oriented than for the horizon- 
tally oriented single figures. Similarly, 
11 of the 12 Ss showed a greater percent- 


age gain from Exp. I to Exp. II for the 
bilaterally symmetrical than for the 
asymmetrical figures. Even stronger 
evidence for differential learning effects 
results when we pool the data for all Ss 
and examine the results separately for : 
the eight basic stimulus patterns in each 
sammie of figures. Here we find for each 
of the eight figures that percentage learn- 
ing changes were larger for bilaterally 
symmetrical reproductions than for 
asymmetrical reproductions of the same 
figure contour. These results suggest 
that Ss learn to use different methods or 
different types of cues in identifying 
different types of figures and that both 
rate of learning and final level of pro- 
ficiency in a recognition task may vary 
with type of cues available for identifying 
particular figures. 


SUMMARY 


A method is described for generating classes of 
figures that can be specified precisely in prob- 
ability terms. They are referred to here as 
metric figures in order to emphasize their quanti- 
tative nature. The use of samples of such figures 
permits the systematic study of stimulus vari- 
ables that characterize classes of figures. This 
statistical approach to the study of stimulus 
correlates of perceptual processes is supplemental 
to an approach that emphasizes characteristics 
peculiar to individual figures; in fact, both kinds 
of variables can be studied in a single experiment. 

Two experiments were conducted using 
samples of metric figures constructed in accord- 
ance with probability concepts. ‘The perceptual 
task was one demanding speed in recognizing a 
particular pattern when it was presented as one 
of a set of alternative patterns. 

Figures generated by a random process were 
found to be recognized much more rapidly than 
were constrained figures generated by sampling 
contour details without replacement. This 
result is interpreted as indicating a detrimental 
effect on recognition performance of a particular 
form of redundancy rather than a detrimental 
effect of a decrease in information per se. 

At the end of a period of training the sym- 
metrical figures and the vertically oriented 
figures were identified more rapidly than were 
single- or double-contour asymmetrical figures, or 
horizonally oriented figures of equal complexity. 
Theoretical implications of these results are 
discussed, 

The present approach offers a contribution to 
the methodology of the study of visual percep- 
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tion and adds several new classifications to a 
rather small list of psychological variables that 
can be defined on the basis of sampling opera- 
tions. It is suggested that the metric figures 
employed in these studies may prove to be useful 
in other studies where relatively homogeneous 
stimuli with few stereotyped verbal assocations 
are required, 
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RELATIONSHIP BETWEEN RECOGNITION ACCURACY AND 
ORDER OF REPORTING STIMULUS DIMENSIONS! 


DOUGLAS H. LAWRENCE 
Stanford 


Since the studies of Kiilpe, Grun- 
baum, and others (3), it has been 
known that when heterogeneous stim- 
ulus objects are presented tachisto- 
scopically to an S his accuracy of re- 
port for stimulus aspects he has been 
instructed to observe is greater than 
for other incidental aspects (cf. 1). 
For instance if the stimulus objects 
differ in color, form, and spatial loca- 
tion, S can readily report the colors if 
he has been instructed to do so prior 
to the presentation of the stimulus, 
but he may have little if any knowl- 
edge of form and spatial position. 
Kilpe accounted for this selective in- 
fluence of instructions in terms of two 
perceptual processes: (a) positive ab- 
straction, which accentuated the cru- 
cial aspect, and (b) negative abstrac- 
tion, which actively inhibited the per- 
ception of the incidental aspects. 
This way of formulating the problem 
seems to imply that these processes 
operate at the moment of stimulus 
reception and that they achieve their 
result by filtering out a large part of 
the stimulus input so that the inci- 
dental aspects never are available to S. 

Assuming this is the correct inter- 
pretation of Kilpe’s hypothesis, it 
raises several questions about the 
selective nature of perception. First 

! This experiment is one in a series of studies 
of problem solving being done under Project NR 
150-149 and supported by Contract Né6onr 
25125 between Stanford University and the 
Office of Naval Research. Work on the contract 
is under the general direction of Dr. Donald W. 
Taylor. Permission is granted for reproduction, 
translation, publication, use, and disposal of 
this article in whole or in part by or for the 
United States Government. 

* Now at Indiana University. 
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of all it is not clear from this formula- 
tion whether the over-all accuracy of 
report for all aspects of the stimulus 
should increase, decrease, or remain 
constant under these special instruc- 
tions as contrasted to cases in which 
no such instructions are given. It 
can be argued that because the stimu- 
lus contains more incidental than 
crucial aspects, the inhibition of the 
former would reduce the over-all ac- 
curacy of report, i.e., positive abstrac- 
tion of one aspect could not compen- 
sate for the negative abstraction of 
several. In information terms the 
increase in transmitted information 
about the crucial aspect would not 
compensate for the loss in transmitted 
information about the incidental as- 
pects. Secondly, it is not clear that 
the selective processes postulated by 
Kiilpe are necessarily operating at the 
time of stimulus reception. A pre- 
vious study (4) on the accuracy of 
recognition suggests that task sets 
have similar influences on recognition 
when given after as when given prior 
to the stimulus presentation. This 
would indicate that their influence is 
on memory and response factors 
rather than on stimulus reception. 
This experiment attempts a partial 
answer to these questions concerning 
Kilpe’s results. One group of Ss is 
instructed to pay equal attention to 
all aspects of a complex stimulus, 
whereas a second group is instructed 
to give primary attention to the crucial 
aspect only. Afterward, however, 
both groups report on all aspects 
This essentially duplicates Kiilpe’s 
situation and at the same time makes 
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possible a comparison of the two sets 
of instructions for the over-all ac- 
curacy of report. A third group has 
instructions to pay attention to and to 
report only the crucial dimension to 
see if the positive abstraction effect 
can be further enhanced. A fourth 
group is instructed to pay equal at- 
tention to all aspects, but immediately 
after the presentation of the stimulus, 
E specifies the order in which the 
aspects are to be reported. If this 
group shows the same difference in 
accuracy of recognition between the 
first aspect reported and the others as 
between the crucial and incidental 


aspects in the first group, this would 
suggest that the positive and negative 
abstraction effects are largely due to 
memory and response factors. 


PROCEDURE 


The stimuli for this experiment were con- 
structed from the cards in the Wisconsin Card 
Sorting Task (2). These cards differ in color 
(yellow, green, red, and blue), form (circles, 
stars, triangles, and crosses), and number of 
figures per card (one, two, three, and four). 
Two of these cards were placed side by side to 
form a stimulus. With the restriction that the 
two cards of a stimulus should differ in color, 
form, and number, there are 216 possible pairings. 
These 216 stimuli were divided inte four sets of 
54, and each of these into three subsets of 18. 
Each subset of 18 contained three replications of 
the six pairings of color, of form, and of number. 
Each value of a stimulus dimension, such as the 
color yellow, occurred on the right card and the 
left card of a pair an equal number of times. 

The tachistoscope consisted of an opaque 
projector with a camera shutter mounted in 
front of the lens. Each stimulus was exposed 
for 1/10 sec. on a screen 6 ft. in front of the Ss. 
The room was dimly lighted so that they could 
record their responses on prepared forms during 
the 15-sec. interval between exposures. 

The four different types of instructions used 
in this experiment were as follows: 

Equal instructions —The Ss were instructed 
to pay equal attention to all three dimensions, 
color, form, and number, and to record all three 
even though they might have to guess. They 
were told to imagine that they were being paid 
$34 for each dimension correctly reported. They 


were permitted to record their answers in any 
order. 

Emphasis instructions.—The Ss were in- 
structed to pay primary attention to one dimen- 
sion (dominant) and to ignore the other two 
(nondominant), but nonetheless to record all 
three in any order even if they had to guess. 
"They were told to imagine that they were being 
paid $100 for each correct report about the 
dominant but only $1 for each nondominant 
dimension. 

One-only instructions.—These were exactly 
the same as the emphasis instructions with the 
exception that Ss were told to imagine that 
nothing would be paid for the nondominant di- 
mensions. Consequently they recorded only 
the dominant one. 

Ordered instructions:—These were exactly 
the same as the equal instructions. After the 
presentation of each stimulus, however, EF speci- 
fied the order in which the stimulus dimensions 
were to be recorded, ¢.g., color first, number 
second, and then form. The six possible orders 
were used equally often and occurred in random 
sequence so that Ss could not anticipate them. 

Because of a scarcity of Ss at the time the 
study was made, a somewhat unorthodox design 
was used, Group I, consisting of 40 Stanford 
undergraduates, was divided into four subgroups 
of 10. Each subgroup had a set of 54 stimuli 
under Equal and a second set of 54 under 
Emphasis instructions. Half the subgroups had 
Equal first followed by Emphasis, and half the 
converse order. All four sets of stimuli occurred 
under each type of instructions. Under Em- 
phasis instructions color was the dominant cue 
for a subset of 18 stimuli, form was dominant 
for a second subset, and number for a third. 
The order in which these dimensions 
dominant varied between subgroups. 

Group II, consisting of 20 Stanford under- 
graduates run at a later time, was divided into 
four subgroups of five. These Ss had a set of 54 
stimuli under Equal and a second set under 
Ordered instructions with order of instructions 
balanced between subgroups. All! four sets of 
stimuli occurred under each type of instructions. 
By having this group replicate the Equal in- 
structions it was possible to determine its com- 
parability with Group I. 

Group III, consisting of 20 City College of 
San Francisco undergraduates, was divided into 
four subgroups of five. Each subgroup had a 
set of 54 stimuli under Emphasis and second set 
under One-only instructions with order of in- 
structions balanced between subgroups. Under 
One-only instructions the ordering of the domin- 
ant dimension was manipulated in the same way 
as for Emphasis instructions. By having this 
group replicate the Emphasis instructions it was 


were 
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TABLE 1 


Averace Accuracy or Report pen Susser or 18 Srimvuti 


(Maximum possible score = 36: Chance score = 18) 








Group Instructions 


Emphasis Dominant 
Nondominant 
Weighted Average 


Equal 
Equal 


Ordered 


l 
2 
3 
A 


verage 
One-only 
Dominant 


Nondominant 
Weighted Average 


Emphasis 








possible to determine its comparability with 
Group I. 

All Ss were run in subgroups of five. They 
were given preliminary practice during which 
they were shown samples of all three stimulus 
dimensions and of all four values on a dimension. 
They were told that the two cards forming a 
stimulus never had exactly the same values on a 
given dimension but that otherwise all six 
possible pairings would occur. They were then 
presented with five stimuli for the regulation 
exposure time, they recorded their answers, and 
these were corrected after each exposure. No 
testing for color blindness was done. 


RESULTS 


Each S was assigned three scores on 
each subset of 18 stimuli, one for color, 
one for form, and one for number. As 
each stimulus contained two values on 
each dimension, e.g., blue and yellow 
for color, S could report 0, 1, or 2 cor- 
rectly. Thus his maximum possible 
score per dimension on 18 stimuli was 
36, his chance score 18. The average 
accuracy for each group per dimension 
under the various types of instruction 
is shown in Table 1. The statistical 
significance of these results was deter- 
mined by an analysis of variance for 


Stimulus Dimension 
% Max 


imum 
31.20 
26.40 
28.02 


86.7 
73.3 
77.8 


29.04 80.7 


28.56 79.3 
30.54 
27.48 
26.52 
28.20 


S4.8 
76.3 


31.32 
30.78 


25.26 
27.12 














each group separately. These are 
shown in Tables 2, 3, and 4. In these 
analyses all the interactions between 


TABLE 2 


or VARIANCE FoR Grour 
Accuracy or RecoGnirion 


ANALYSIS 


Mean 


Component Square 


60.58 
188.09) 


. Stimulus dimensions 
. Instructions 
. Subsets within in- 
structions 
a. Dominant vs. non- 
dominant 
b. Between nondom- 
inant 
¢. Within equal 
. Interactions between 
conditions 
a.1X2 
b. 1X 3a 
c. 1X 3b 
d. 1X 3c 
. Subgroups 
. Individuals 
. Interactions with sub- 
groups 
. Interactions with in- 
dividualst 


257.98** 


9.15** 


7.68°* 
20.22%* 
7.13%* 











** O1 level of significance. 
t Error term used throughor. 
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subgroups and each of the other com- 
ponents were computed as were the 
interactions between individuals and 
each component. In each case tests 
for homogeneity of variance did not 
reach the .01 level of significance. 
Consequently only the weighted aver- 
ages of these two types of interactions 
are presented in the tables. 

The important findings for Group I 
are as follows. (a) The over-all level 
of accuracy of report for the three di- 
mensions combined is slightly greater 
under Equal than under Emphasis in- 
structions (80.7% vs. 77.8%). This 
difference, though small, is significant 
at the .O1 level. (6) Under Emphasis 
instructions the accuracy of report is 
considerably greater on dominant 
dimensions than on nondominant ones 
(86.74 vs. 73.3%). This difference 
is significant well beyond the .O1 level. 
These two findings indicate that the 
drop in over-all accuracy of report 
from Equal to Emphasis instructions 
is very slight, and that the results of 


TABLE 3 


\naLysis or Variance ror Group Il 
on Accuracy or RECOGNITION 


Mean 
Square 


Component df 
. Stimulus dimensions 
. Instructions 
. Subsets within instruc- 
* tions 
a. Ist vs. 2nd & 3rd 
b. 2nd vs. 3rd 
c. Within equal 
Interaction between 
conditions 
a. 1X 
b. 1X 3a 
c. 1X 3b 
d. 1X 3¢ 
. Subgroups 
. Individuals 
. Interaction with sub- 
groups 
. Interaction with in- 


dividualt 


Ww & mm ~~ 


N 














* OS ievel of significance. 
** O1 level of significance. 
t Error term used throughout. 
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TABLE 4 


\wacysis or Variance ror Gaovr II! 


ow Accunacy or Recocnrrion 


Mean 
Square 


Component 
. Stimulus dimensions 
. Between conditions 
a. One-only vs. dom 
inant 
b. One-only and dom- 
inant vs. non- 
dominant 
. Between replications 
of nondominantt 
. Interaction between 
conditions 
a. 1X 2a 
b. 1X 2b 
. Subgroups 
Individuals 
Interaction with sub 
groups 
§. Interaction with in- 
dividualf 


256.13 


** O1 level of significance 
t This component is confounded with the interac 
tion between stimulus dimensions and replications of 
the nondominant stimuli. 
t Error term used throughout. 


Kiulpe’s experiment have been dupli- 
cated under the present conditions. 
Other subsidiary findings for Group 
I are as follows. 
curacy of report for color is poorer than 


On the average, ac- 


for the other two dimensions. This 
difference is larger under Equal than 
under Emphasis instructions with the 
result that there is a significant inter- 
action between instructions and stimu- 
lus dimensions. Similarly, under 
Emphasis instructions, color fails to 
show as large a difference in accuracy 
between the dominant and nondomin- 
ant dimensions as do form and num- 
ber. This also produces a significant 
interaction effect. The significant 
differences found between subsets of 
stimuli under Equal instructions is 
due to a small but consistent practice 
effect. 

The comparability of Group II and 
Group I Ss was determined by their 
respective performances under Equal 
instructions. Each 


S was assigned 
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three scores, one on each of the three 
stimulus dimensions. None of the 
three t tests was significant at the .10 
level. 

The important findings for these 
Group II Ss are as follows. (a) The 
difference in over-all accuracy of re- 
port under Equal and Ordered in- 
structions is small and nonsignificant 
(79.3% vs. 78.3%). (b) Under Or- 
dered instructions each S was assigned 
three scores, one for the first stimulus 
dimension reported, one for the sec- 
ond, and one for the third. The 
difference in accuracy of report on the 
first and on the average of the second 
and the third is large and significant 
beyond the .O1 level (84.8% vs. 
75.0%). It is of the same magnitude 
as the difference between dominant 
and nondominant dimensions that was 
found for Group I Ss under Emphasis 
instructions. ‘There is a small differ- 
ence in accuracy between the second 
and third dimensions reported which 
is significant at the .05 level. These 


findings indicate that the Kilpe effect 
can be duplicated just by the order 
in which the responses are made even 
though the Ss are set to give equal 
attention to all three stimulus dimen- 
sions. 

Subsidiary findings for this group 


are as follows. There is again a sig- 
nificant difference between stimulus 
dimensions largely due to the greater 
difficulty in reporting color. This 
dimension fails to show as great a 
difference in accuracy under Ordered 
instructions between the first and 
second reported dimensions as do form 
and number. This produces a sig- 
nificant interaction which is directly 
comparable to what was found for 
Group I under Emphasis instructions. 

The comparability of Group III 
and Group I Ss was determined by 
their respective performances under 
Emphasis instructions. Each S was 
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assigned two scores, one for the com- 
bined dominant dimensions and one 
for the combined nondomiaant di- 
mensions. Neither ¢ test approached 
significance at the .10 level. 

It was impossible to compare the 
over-all accuracy of this group under 
One-only and Emphasis instructions 
as the Ss recorded only one dimension 
per stimulus under the former. The 
important findings for this group are 
as follows. (a) The average accuracy 
under One-only is only slightly and 
nonsignificantly different from that 
on the dominant dimension under 
Emphasis instructions (87.0% vs. 
85.5%). (b) When the average ac- 
curacies for One-only instructions 
and for the dominant dimension under 
Emphasis instructions are combined 
and contrasted with that on the non- 
dominant dimensions under Emphasis 
instructions, the difference is large and 
significant well beyond the .01 level 
(86.3% vs. 70.2%). These findings 
indicate that having to report the two 
nondominant dimensions under Em- 
phasis instructions seemingly has not 
interfered with accuracy on the dom- 
inant dimension. It suggests that 
Ss have more than a chance amount 
of information about the incidental or 
nondominant aspects of a stimulus 
even when they have been instructed 
to completely ignore them. In this 
group there is additional evidence that 
color is more poorly reported than 
the other stimulus dimensions and 
that it results in an interaction with 
the dominant versus nondominant 
dimensions under Emphasis instruc- 
tions. 


Discussion 


The results of this experiment indicate 
that the Kilpe effect can be consistently 
shown under the present conditions. On 
the other hand, they throw considerable 
doubt on Kiilpe’s interpretation of these 
as due to positive and negative abstrac- 
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tion processes of a perceptual nature that 
occur during stimulus reception. 

The fact that under three different 
types of instruction, ie., Equal, Em- 
phasis, and Ordered, the over-all average 
accuracy differs but little suggests that 
the transmitted information under tach- 
istoscopic presentation tends to be con- 
stant irrespective of instructions. The 
manner in which this effective informa- 
tion is distributed between the dimen- 
sions, however, can be influenced by 
instructions. Under Emphasis instruc- 
tions the increased accuracy on the 
dominant dimension is just offset by the 
losses on the nondominant dimensions. 
It would appear that accuracy was 
maximal on the dominant dimension for 
the stimuli and exposure time used in 
that it could not be increased by the One- 
only instructions. Thus the fact that 
Ss had to report the nondominant di- 
mcnsions under Emphasis instructions, 
even though they had been told to pay 
attention to the dominant dimension 
only, was not an interfering factor. 

The results for the Ordered instruc- 
tions strongly suggest that the Kiilpe 
effect is largely due to memory and re- 
sponse factors rather than to perceptual! 
ones at the time of stimulus reception. 
The Ss under these instructions, even 
though told prior to stimulus presenta- 
tion to pay equal attention to all three 
dimensions, actually duplicated the re- 
sults for the Emphasis instructions. 
They could not have been anticipating 
the order in which the dimensions were 
to be recorded because this varied ran 
domly from trial to trial and was not 
specified until after the stimulus had been 
exposed. Consequently it must have 
been the act of writing down the first 
dimension plus the increased temporal 
delay that interfered with the accuracy 
of report for the second and third di- 
mensions. Thus the order of accuracy 
under these instructions must be ac- 
counted for in terms of memory and 
response factors. 

If it is assumed that Ss under Empha- 
sis instructions haa a strong tendency to 
report the dominant dimension first, 
these same memory and response factors 
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would account for their results. Un 
fortunately no record was kept for these 
instructions of the actual order in which 
the dimensions were written down by 
each S. The E’s observations and the 
comments of Ss after the experiment, 
however, indicate that the dominant 
dimension was recorded first. Similarly 
if it is assurned that under Equal in- 
structions the order in which dimensions 
were recorded varied between Ss and 
for the same S at different times, the 
order effect would cancel out when aver 
aged over all trials and Ss. This would 
give just the results found for these in- 
structions. Again the only available 
evidence is E’s observations and the 
comments of Ss, both of which support 
this assumption. Thus all the results 
of this experiment can be accounted for 
by assuming: (a) that under tachisto 
scopic presentation a constant amount of 
information is transmitted irrespective 
of instructions, and (4) that how this 


information is distributed between di 


mensions is largely a function of the 
order in which they are reported 


This 
would mean that the selective effect of 
instructions operates primarily through 
memory and response factors. 


SUMMARY 


Stimulus objects differing in color, form, and 
number of objects were presented tachistoscopic 
ally to groups of Ss. Four types of instruction 
were given: (a) Equal instructions in which Ss 
were asked to pay equal attention to and to re 
cord all three dimensions, (b) Emphasis instruc 
tions in which Ss were asked to pay primary at 
tention to one dimension only but to record all 
three, (c) One-only instructions in which Ss were 
asked to pay primary attention to and to record 
only one dimension, and (d) Ordered instructions 
in which Ss were asked to pay equal attention to 
and to record all three dimensions but the order 
in which they were recorded was specified im- 
mediately after the stimulus exposure. The 
main findings and conclusions were as follows: 


1. The average accuracy of report on all three 
dimensions combined differed but slightly be- 
tween the various types of instruction 

2. Under Emphasis instructions the accuracy 
of report on the dimension Ss had been instructed 
to pay attention to was considerably greater thar 
on the other two dimensions. 
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3. This accuracy on the dominant dimension 
was not increased under One-only instructions 
even though Ss did not report the other two 
dimensions. 

4. Under Ordered instructions the difference 
in accuracy between the first recorded dimension 
and the average of the other two was as large as 
the difference reported for Emphasis instructions. 

5. It was concluded that the selective effect 
of instructions on the accuracy of report for 
tachistoscopically presented stimuli can be ac- 
counted for in large part by the following as- 
sumptions: (a) a constant amount of information 
is transmitted irrespective of instructions; (b) 
the distribution of this between dimensions de- 
pends upon the order in which they are reported; 
and (c) the effect of instructions is to determine 
which order of report occurs. 
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COLOR CODING IN A VISUAL SEARCH TASK! 


BERT F. GREEN AND LOIS K. ANDERSON 


Lincoln Laboratory, Massachusetts Institute of Technology 


Complex visual displays are used to 
present information in many informa- 
tion-processing systems. The opera- 
tor’s task often involves locating a 
particular symbol or group of symbols 
on the display. Since the time re- 
quired to perform the search task is a 
critical factor in such systems, meth- 
ods are frequently devised for shorten- 
ing the search times. One method is 
to improve the legibility of the sym- 
bols. Another method is to make 
additional distinctions among the 
symbols by using, for example, sym- 
bols of different colors or sizes. Such 
additional distinctions, or codings, are 
redundant in the sense that the opera- 
tor does not need them in order to find 
particular targets. However, if the 
operator knows the color, or size, of 
the target, he may be able to find it 
much quicker. The effectiveness of 
a redundant code might be measured 
by the reduction in search times when 
the code is used. 

Green, McGill and Jenkins (4), 
using three-digit numbers as symbols, 
found that the average time required 
to find a particular target number was 
nearly proportional to the number, or 
density, of symbols. When they used 
a color code in which half of the num- 
bers were blue and half were yellow, 
Os who were told the color of the 
target number found the target in 
about half the time required by Os 
who were not told the color. In this 
instance, color coding seemed to be 
completely effective in reducing the 
number of alternatives through which 

1 This research was supported jointly by the 
Department of the Army, the Department of 


Navy, and the Department of the Air Force 
under Air Force Contract No. AF 19 (122)-458, 
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O searched. The purpose of the pres- 
ent experiments was to investigate 
the effectiveness of color coding as a 
function of the relative number of 
symbols of each color, and as a func- 
tion of the number of different colors 


used. We were interested in the 


latter variable because Eriksen (2, 3) 
had found that search times depend, 
in a rather complicated way, on the 
heterogeneity of the visual field. 


EXPERIMENT I 


The purpose of the first experiment 
was to measure the effectiveness of a 
two-color code as a function of the 
relative number of symbols of each 
color. The results of Creen, McGill, 
and Jenkins (4) suggested that when 
O was told the target color, the search 
times would be proportional to the 
number of symbols of the same color 
as the target symbol, but when O was 
not told the target color, the search 
times would be proportional to the 
total number of symbols. 


Procedure.—Our displays contained two-digit 
numbers in the range 10-69, arranged in random 
order in a matrix of 10 rows and 6 columns 
They were prepared as Kodachrome transpar 
encies and projected onto a screen 10 ft. from O 
The projected image of the matrix was 16] in 
high and 12 in. wide, with numerals 1} in. by 
in. The numbers were either green or red, cor 
responding approximately with Munsell 5.0 
GY/6/6 and 2.5 YR/6/10, respectively, and 
were presented on a black background. 

Three experimental conditions were used. In 
the Set condition we used displays containing @ 
numbers, of which 0, 10, 20, 30, 40, 50, or @ 
were red, and the others green. No number ap 
peared more than once on the display so that 
color was not essential to the search task. At 
the beginning of each trial in the Set condition, £ 
announced the target number and its color. 
When O had repeated the number, E opened the 
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AVERAGE SEARCH TIME (seconds) 








re 
30 400 80s 


NUMBER OF SYMBOLS WITH TARGETS COLOR 


Fic. 1. Average search time for colored 
numbers in Exp. I. Each point represents the 
geometric mean of 80 measurements. All Non- 
set and Set displays had 60 symbols; Control 
displays had from 10 to @& symbols, all of the 
same color. 





projector shutter and started a stop watch. As 
soon as O found the number, he said “Now” 
which signaled £ to stop the watch. The O then 
used a special flashlight pointer to indicate the 
target on the screen, so that E could check for 
errors. ‘The same procedure and the same dis- 
plays were used in the Non-set condition with 


the exception that O was not told the color of the 
target number. In the Control condition the 
displays had 10, 20, 30, 40, 50, or @ numbers of 
one color, either red or green, while the remaining 
positions in the matrix were blank. The £ an- 
nounced the target number at the beginning of 
each Control trial, which then proceeded like the 
Set and Non-set trials. 

The Os were 20 U. S. Air Force enlisted men 
with normal visual acuity, as measured by the 
Orthorater, and normal color vision as measured 
by the American Ontical Company’s pseudoiso- 
chromatic plates. ach O was given six practice 
trials on each condition, and two experimental 
trials on all combinations of three conditions, 
two target colors, and six densities of symbols of 
the target’s color. In the experimental design, 
we also balanced the order of presentation of 
conditions, the order of trials within conditions, 
the target color, and the particular number and 
matrix position used as the target. 


Results.—The average search times 
for each condition in Exp. I are shown 
in Fig. 1. If the only effect of color 
coding were to reduce the number of 
alternatives through which O must 
search, the Non-set curve would be 
flat, because in this condition there 
were always 60 symbols on the display 
and O did not know the target’s color. 


TABLE 1 


Anatysis or Variance ror Exp. I 


Source 


Mean 
Square 


291 
025 
2.719 
3,342 


Observers 
Hues 


xCxD 
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Total 








Set and Control Data 
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> Mean 

F Square 
4.69""" 383 
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43.95°* 
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O50 
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oe P = 001. 
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Actually, the Non-set curve has a 
maximum near 30-40 symbols and 
decreases slightly on either side of this 
maximum. An analysis of variance 
of the Non-set data, shown in Table 1, 
indicates that the main effect of den- 
sity is not significant. (Since the 
means of the search time distributions 
were roughly proportional to their 
SD’s, a logarithmic transformation 
was used. This transformation did 
not completely overcome the correla- 
tion of means and SD’s so the signifi- 
cance levels in the analyses should 
be interpreted conservatively.) We 
made a regression analysis of density 
by partitioning the main effect of 
density into linear, quadratic, and 
residual components. The quadratic 
mean square was much larger than 
the other two, and was significant at 
the .O1 level, which indicates that the 
Non-set curve can be closely approxi- 
mated by a quadratic regression on 
density. ‘Thus, the regression analy- 
sis indicates that the Non-set curve is 
significantly bowed while the standard 
analysis of variance indicates that the 
curve is flat. The reason for the con- 
tradiction seems to be that the regres- 
sion analysis takes account of the 
logical order of the density values, 
while the standard analysis of vari- 
ance does not. The regression analy- 
sis suggests that displays on which one 
color predominates are slightly easier 
to search than displays on which the 
two colors are more evenly repre- 
sented. 

If the mean search times were pro- 
portional to the number of alternative 
symbols, then the Control curve would 
be a straight line through the origin. 
It appears that an extrapolation of the 
Control curve would intercept the 
y axis (zero density) at about | sec. 
This is essentially the origin for the 
data, since the reaction times involved 
in making a measurement add to 
about I sec. This is indicated by the 
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fact that we recorded several measure- 
ments of 1.0 sec., but none below this 
value. With this correction, the Con- 
trol curve is closely proportional to 
density, as we expected. All three 
curves should imeet at the target den- 
sity of 60, since all conditions used 
equivalent displays at this density, 
i.c., 60 numbers of a single color. 
The observed differences must be 
attributed to chance. 

If O could completely disregard 
symbols of a different color from the 
target, then the Set curve would be 
identical with the Control curve. 
That is, wrong-colored symbols would 
have the same effect as blanks in the 
matrix. Actually the average search 
times in the Set condition are slightly 
longer than the corresponding times 
in the Control condition. ‘The statis- 
tical significance of this difference is 
established by the significant main 
effect of conditions in the analysis of 
variance of the Set and Control data, 
as shown in Table 1. Since the Set 
curve rises regularly, we may conclude 
that the average search times in the 
Set condition depend mainly on the 
number of symbols with the target's 
color, but are also affected slightly by 
the presence of wrong-colored symbols. 


Experiment II 


The difference between the Set and 
Control conditions in Exp. I is con- 
sistent with Eriksen’s results (2, 3) 
showing that display heterogeneity is 
an important factor in search times. 
These results led us to measure search 
times for displays with varying num- 
bers of colors. 


Procedure.—Te displays were similar to those 
used in Exp. I but they included red, yellow, 
green, and blue numbers. The yellow and blue 
colors corresponded roughly with Munsell 2.5 
Y/8/10 and 10G/7/4, respectively. In the Con 
trol condition we used displays with 15, 30, 45, 
or & numbers of a single color, either red, yellow, 


green, or blue. The procedure was otherwise 
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Fic. 2. Average search times for colored 
numbers in Exp. I]. Each point represents the 
geometric mean of 240 measurements. Non-set 
and Set displays had 15 symbols each of two, 
three, or four colors; all symbols on Control dis- 
plays had the same color. 


identical with that of Exp. 1. In the Set condi- 
tion we used displays containing 30, 45, or 
numbers that were 15 each of two, three, or four 
colors, respectively. All possible combinations 
of colors were represented. In the Set condi- 


tion, O was told the color of the target ; there were 
always 15 numbers of the target’s color, but 
there might also be 15 numbers of one wrong 
color and 30 blanks, or 15 numbers of each of 
two wrong colors and 15 blanks, or 15 numbers of 
each of three wrong colors. ‘The displays used 
in the Non-set condition were the same as those 
in the Set condition, but O was not told the color 
of the target. (We omitted the density of 15 
from the Set and Non-set conditions since it was 
logically equivalent to the density of 15 in the 
Control condition.) 

The Os were 20 U.S. Air Force enlisted men 
with normal visual acuity and normal color 
vision. Each O was given four practice trials 
on each condition, and three experimental trials 
on each of the four colors for each of the 10 
density-condition combinations. The experi 
mental design was otherwise similar to that used 


in Exp. I. 

Results.—The average mean search 
time for each density-condition com- 
bination is shown in Fig. 2. The Set 
curve increases slightly as the number 
of symbols on the display increases, 
although there were always 15 sym- 


bols of the target’s color. This is 


consistent with the difference between 
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Set and Control curves in Exp. I, and 
indicates that the presence of wrong- 
colored symbols has a small effect on 
search times in the Set condition. In 
Exp. II, the number of different colors 
on the display increased as the num- 
ber of wrong-colored symbols in- 
creased, so the two effects are con- 
founded in the Set condition. The 
significance of the main effect of 
density in the analysis of variance of 
the Set data, shown in Table 2, shows 
that the increase in the Set curve is 
statistically significant. (The data 
for density 15 were analyzed with the 
Set data rather than with the Control 
data.) 

The Control curve is closely pro- 
portional to symbol density, as it was 
in Exp. I, provided the I-sec 
rection is made. 


cor- 
The Non-set curve 
is slightly above the Control curve. 
This difference is supported by the 
significance of the main effect of con- 
ditions in the analysis of variance of 
the Non-set and Control data, shown 
in Table 2. The difference between 
the Non-set and Control curves indi- 
cates that search times are longer for 
displays with equal numbers of sym 
bols of several colors than for dis- 
plays with comparable numbers of 
symbols all of the same color. We 
found the same effect in Exp. I where 
it was evidenced by the bowed shape 
of the Non-set curve. 


Discussion 


When O knows the target’s color, his 


average search time depends primarily 
on the number of symbols of the same 


color as the target. Symbols of other 
colors have only a minor effect on the 
search time. Although the information 
provided by the color code is redundant, 
or nonessential, it is clearly useful. On 
the other hand, the use of a redundant 
color code involves some loss if O does not 
know the code category of the target, 
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@ since search times are longer for multi- 


colored than for single-colored displays. 
The latter result is somewhat surprising 
since one might expect that search time 
would be inversely related to the dis- 
tinctiveness of the symbols, and that 
using several colors would add to the 
distinctiveness of the symbols. In psy 
chophysical terms, we might consider 
“signal” to be those aspects of the dis- 
play that aid in locating the target, 
“noise”’ to be those aspects of the dis 
play that detract from target location, 
and “‘signal-to-noise ratio”’ to be analo 
gous (inversely) to search time. Then 
our results would show that the redun 
dant color code adds to the signal under 
the Set condition, but adds to the noise 
under the Non-set condition. 

Since almost any visual code can be 
tested in a visual search task, we suggest 
that codes can be evalua’ 
search times. 


‘in terms of 
We would expect searc h 
times to be sensitive to such factors as the 
discriminability of the coded symbols, 
the difficulty in learning the code, et« 
The evaluation should consider both the 
reduction in search times in the Set con- 
dition and the increase in search times 
in the Non-set condition, for the relative 
importance of these factors depends on 
how often, in a particular operational 
situation, O will know the target's code 
category and how often he wil! not. 
Color could be considered irrelevant 
in our Non-set condition. Recently, the 
term irrelevant has been used differently 
by some authors for whom irrelevant in 
formation is additional stimulus infor 
mation not correlated with the correct 
response. Gregg (5S) increased the 
amount of irrelevant information in a 
binary stimulus situation, and found an 
increase in the time required to make a 
binary discriminative response. Archer 
(1) used stimuli with various amounts of 
relevant and irrelevant information, and 
found no difference in response times in 
an identification task for different 
amounts of irrelevant information. In 
our experiment, color was not irrelevant 
in their sense of the term, since color did 
not increase the stimulus information, 


but was always redundant. We used 
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verbal instructions to render color rele- 
vant to O in the Set condition and ir- 
relevant to O in the Non-set condition. 
Obviously, instructions as well as the 
structure of the stimulus are important 
in defining relevance. 

Our experiments are similar to many 
others that have dealt with set as a 
selective factor in perception. Our re- 
sults are consistent with the general 
finding that simple, or “‘single,” sets, as 
Postman and Bruner (7) would call 
them, have clear, simple selective effects 
(for example, the classic experiment of 
Kilpe and Bryan (6)). It would be 
interesting to apply other findings from 
this area to our specific problem. For 
example, Postman and Bruner studied 
multiple sets, in which § was not told the 
precise category of a target, but was told 
that the target might be in one of two or 
more specified mutually exclusive cate- 
gories. They found that Ss with multi- 
ple sets did not perform as well as would 
have been predicted from single set data. 
This implies that in our four-color dis- 
play, if Os knew only that the target 
was, say, either red or green, but not blue 
or yellow, the search times would be 
more than twice as long as the times for 
single color sets. 


SUMMARY 


Two experiments were reported in which 
search times for colored symbols (two-digit 
numbers) on a visual display were measured as 
a function of the relative number of symbols of 


each color, and the number of different colors 
used. When Os know the color of the target, 
the search time is approximately proportional 
to the number of symbols of ihe target’s color 
There is also a slight inczement in search time 
due to the presence of the wrong-colored targets. 
When Os do not know the target’s color, search 
time depends primarily on the total number of 
symbols on the display. However, search times 
are slightly longer for multicolored displays than 
for comparable sinzle-cciored displays. 
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TIME CONTINUOUSLY ON TARGET AS A FUNCTION 
OF DISTRIBUTION OF PRACTICE! 


LYLE E. BOURNE, JR. AND E. JAMES ARCHER 


University of Wisconsin 


The most commonly used method of 
measuring rotary pursuit performance 
has been to connect a clock into the 
stylus-target circuit and to record the 
total time of circuit completion for 
each trial. This record, however, 
gives no information as to the pat- 
terning of the times continuously on 
target, i.e., “hits,” during the trial. 
The frequency distribution of dura- 
tions of time continuously on target 
offers a different and more analytic 
performance measure for the investi- 
gation of motor skills. Several phe- 
nomena might be examined further 
using this measure. Improvement 
with practice, facilitation due to dis- 


tributed practice, and reminiscence 
may all take the form of (a) a simple 
increase in number of hits, (b) a shift 
from short to long hits, or (c) a com- 


bination of both effects. There have 
been two attempts to analyze motor 
performance in terms of duration of 
hits. Ammons (5), using a kymo- 
graphic recording technique, investi- 
gated the change in duration of 
stylus-target circuit completion times 
in a pursuit rotor task. Because of 
the inordinate amount of time re- 
quired to read individual records (12 
to 15 hr. per record), only a small 
number of Ss was used. ‘The results 
are not as informative as might be 
expected since only mean number of 
hits and mean duration of hits per 
trial were reported. Archer, Kent, 
and Mote (7) using a Tracking-time 
Analyzer, a device which electroni- 
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cally measures frequency of times con- 
tinuously on target, have determined 
the effect of long-term practice on per- 
formance in the Pedestal Sight Manip- 
ulation Test (PSMT). These Es 
found that as practice progressed 
there was an increase in the duration 
of hits and the total number of hit 
first decreased and then increased. 
The time-continuously-on-target an- 
alysis, applied to a simpler motor task 
such as rotary pursuit, could add to 
the information now available about 
the effects of distributed practice. 
Kimble (10) posits a two-factor 
theory of inhibition which holds that 
the total inhibitory potential gener- 
ated during practice is accounted for 
by reactive inhibition, /y, and condi- 
tioned inhibition, s/x. Both 
ponents are of course detrimental to 
performance. Reactive inhibition is 
considered a negative drive which de- 
velops from response evocation and ° 
dissipates during rest, whereas s/x is 
considered a habit which is condi- 
tioned to stimuli associated with 
resting and does not dissipate spon- 
taneously. According to Kimble, the 
amount of 7, generated in a number 
of responses can be determined by the 
amount of reminiscence shown after 
a suitable rest interval. The differ- 
ence between prerest distributed- and 
massed-practice groups in initial post- 
rest performance is taken as an indi- 
cation of s/x. Most commonly, time- 
on-target scores have been used in ob- 
taining the measures of the two in- 
hibitory potentials. Using times 
continuously on target as a perform- 
ance measure, additional information 


come 
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related to the existence of a perman- 
ent work decrement, or conditioned 
inhibition in motor performance could 
be obtained. 

Kimble (11) and Wasserman (15), 
using an inverted alphabet printing 
task, and Ammons (4), Barch (8) and 
Kimble and Shatel (12), using a ro- 
tary pursuit task, found that massed- 
practice groups, after an interpolated 
rest, showed a significant increase in 
performance (reminiscence) but re- 
mained significantly poorer in postrest 
performance than a distributed-prac- 
tice group. They explained the rem- 
iniscence in terms of the dissipation 
of Ip or temporary work decrement 
and the significant postrest difference 
between groups in terms of g/pz or 
permanent work decrement. Adams 
and Reynolds (1), Archer (6), 
Schucker, Stevens, and Ellis (13), and 
Starkweather and Duncan (14) have 
found no significant effect of perman- 
ent work decrement in motor per- 
formance. Archer believes that the 
difference between massed and dis- 
tributed groups found by Kimble is a 
chance phenomenon. He criticizes 
Kimble for comparing the perform- 
ance of the massed group after 10-min. 
rest with the performance of the dis- 
tributed group after only 30-sec. rest 
and for using individual ¢ tests without 
first establishing a true difference be- 
tween groups with an over-all analy- 
sis of variance. Schucker, Stevens, 
and Ellis suggest that the differences 
Kimble obtained were due to uncon- 
trolled factors in his experiment such 
as rest-interval activity, knowledge 
of results, and number of responses 
evoked at the points of comparison. 
The data of the present experiment, 
recorded in time continuously on 
target, may help to clarify the con- 
troversy which has resulted from pre- 
vious experiments. 


PROCEDURE 


Subjects.—One hundred women students in 
introductory psychology courses at the Univer- 
sity of Wisconsin served as Ss in this experiment. 
These Ss, naive to the apparatus and task, were 
assigned randomly to one of five groups and 
served individually for one session. 

Apparatus and task.—The task was provided 
by a 54-rpm pursuit rotor. The turntable had 
a radius of 6in. The target was a silver disc of 
.75 in. diameter, set flush with the surface of the 
turntable; the center of the disc was 5 in. from 
the center of the turntable. The S tracked the 
target with a stylus which was hinged to prevent 
ker from pressing down on the target. When 
the stylus point contacted the target, a circuit 
was completed to the Tracking-time Analyzer. 
The Tracking-time Analyzer combines a bank of 
12 resettable Mercury counters and a .Ol-sec. 
scale Standard Electric clock. The clock was 
used to obtain the conventional record of total 
time on target. The counters recorded the num- 
ber of hits of various durations continuously on 
target. For each counter except the first there 
was a separate thyratron-condenser-resistor cir- 
cuit having its own critical delay period. The 
first counter, activated by a direct impulse from 
the stylus-target contact, recorded all hits re- 
gardless of duration. ‘The second counter re 
corded all hits longer than .05 sec. in duraticn; 
the third recorded hits longer than .10 sec. The 
other intervals were .20, .30, .40, .60, .80, 1.00, 
1.20, 1.60, and 2.00 sec. With the Tracking- 
time Analyzer it is possible to analyze total time 
on target into the component times continuously 
on target. Since counters could not be reset to 
zero during the short intertrial intervals, i.e., 
0, and 15 sec., the apparatus was photographed 
at the end of each trial with a 16-mm. movie 
camera. 

In all conditions the rotor was allowed tv run 
continuously throughout the session. The E 
timed the trials and the rest intervals with a stop 
watch and orally gave “ready,” “start,”’ and 
“stop” signals to S. The plate circuit of the 
Tracking-time Analyzer was turned on only dur- 
ing the trials, thereby controlling the time during 
which S might score. 

The operation of the Tracking-time Analyzer 
was clearly audible to all Ss, although it and the 
rotor were separated by a partial wall. The 
chattering of the relays and the counters provided 
S with limited knowledge of results since the 
analyzer operated only when S was on target. 
The calibration of the Tracking-time Analyzer 
was checked twice a day, morning and afternoon, 
because of changes in the line voltage. 

Conditions.—All Ss received 21 30-sec. trials. 
One group of 20 Ss received these trials con- 
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secutively without rest. ‘The other four groups 
had 15-, 30-, 45-, or 60-sec. intertrial rest. Fol- 
lowing Trial 21 all Ss had a 5-min. rest. During 
the 5-min. rest, Ss read or talked with E. Fol- 
lowing this rest, all groups had nine 30-sec. trials 
under massed practice. The distributed-prac- 
tice Ss were instructed during the 5-min. rest 
that the conditions would be changed somewhat 
and that they would have nine consecutive trials 
without rest. 
Instructions. 
structions on the nature of the task, including 
suggestions and a demonstration of the best way 
to practice. The Ss were told that they would 
have 21 trials followed by a 5-min. rest and then 
approximately 5 min. of massed practice. The 
group which had massed practice (O-sec. rest 
between trials) throughout was told that its pre 
rest trials would consist of one long 10-min. trial 
The groups which had intertrial rests were told 
that between each of the trials there would be a 
15- (30-, 45-, 60-) sec. rest. No questions as to 
the nature of the scoring apparatus were an 


All Ss were given general in- 


swered until the session was over. 


RESULTS 


Prerest Performance 


For any effect to be attributed to 
distribution of practice, all groups 
must be initially comparable in per- 
formance. An analysis of variance 
was performed on the total-time-on- 
target scores for Trial 1. The differ- 
ences among group means were not 
significant (F = 1.38, 4 and 95 df, 
P > .10). In addition, a chi-square 
test was made for differences among 
the distributions of durations of hits 
at the first stage of practice, i.e., the 
first block of three trials. Again the 
initial differences among groups were 
not significant (x* = 18.27, 16 df, 
P > .30). 
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"1G. 1. Mean percentage of total time on target as a function of pre- and 
postrest practice and intertrial rest intervals. 
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Figure 1 represents the usual 
method of presenting rotary pursuit 
data. The mean percentage of total 
time on target is plotted as a function 
of practice. This figure demonstrates 
graphically the facilitation of per- 
formance due to distributed practice. 
Statistical verification of this facilita- 
tion is provided by an analysis of 
variance of the total time-on-target 
scores for Trials 19, 20, and 21 com- 
bined. Orthogonal polynomials ap- 
plied to these means show only a sig- 
nificant linear component (F = 29.28, 
1 and 95 df, P < 01). Clearly the 
optimal level of practice distribution 
was not reached with the values c’ the 
independent variable in the present 
study. Facilitation is evident fairly 
early in practice and the groups differ- 
entiate in performance after the first 
few trials. Although the 45-sec. 
group initially performed at a higher 
level than did the 60-sec. group, that 
difference was eliminated and reversed 
by Trial 6. 

Figure 2 shows the percentage of 
total time on target accumulated at 
the various durations continuously on 
target for the 0- and 60-sec. groups. 
The data are plotted for seven prerest 
blocks of three trials each. The 
curves of the three intermediate dis- 
tribution groups, the 15-, 30-, and 
45-sec. groups, lay almost entirely 
within the limits defined by the 
plotted curves. To simplify the pres- 
entation they have not been included. 
The graphs were constructed by deter- 
mining the mean number of hits made 
within each duration interval, cor- 
recting this value for unequal sizes of 
intervals, and multiplying this cor- 
rected value by the mid-point of the 
interval. The assumption was made 
that the distribution of hits within a 
duration interval was linear. To de- 
termine the percentage of total time 
accumulated at each of the duration 
intervals, the products of the mid- 
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Fic. 2. The distributions of times continu- 
ously on target for 0- and 60-sec. groups during 
the seven prerest stages of practice. 


points X corrected number of hits was 
divided by the total time on target 
summed over all intervals. This pro- 
cedure was followed in constructing 
the curves for the seven blocks. The 
separation of the two plotted curves 
as prerest practice progresses shows 
clearly the effect of distributed prac- 
tice. The Ss in the 60-sec. group shift 
from short to long hits, thus accumula- 
ting more and more time at the longer 
duration intervals. Two chi-square 
tests showed that the shift in the hit 
distribution as a function of practice 
was significant for the 60-sec. group 
(x? = 442.43, 48 df, P <,01) but was 
not significant in the O-sec. group 
(x2 = 49.60, 36 df, P > .05). A chi- 
square test was made for differences 
among groups in the continuous-time- 
on-target distributions on the last 
block of prerest trials. The chi square 
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Fic. 3. Mean number of hits, regardless of 
duration, as a function of pre- and postrest prac- 
tice and intertrial rest intervals. 


was significant at the .O1 level (x? = 
363.14, 24 df) again indicating facilita- 
tion of performance as a function of 
distributed practice. 

Figure 3 shows the mean number of 
hits, for the five groups, regardless of 
duration, as a function of stage of 
practice. These curves suggest that 
at least some improvement in per- 
formance is attributable to Ss learning 


how to get on target more frequently. 
It is apparent that the functions tend 
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to be negatively accelerated, especi- 
ally for the more highly distributed 
groups. 


Postrest Performance 


Figure 1 shows the postrest performance of 
the five groups during the nine massed trials. 
A modification of the Alexander trend test (2) 
employing orthogonal polynomials was used to 
test for differences among the postrest time-on 
target scores. A summary of this analysis is 
shown in Table 1. The differences among the 
group means are significant at the .O1 level (Line 
a). The curves bear the same ordinal relation in 
terms of goodness of performance as they did in 
the prerest phase of practice. The test shows 
that the between-group slopes (Line c) and be- 
tween-group cubics (Line g) components are 
also significant sources of variation. The slopes 
of the curves generally increase in negativity as 
the prerest intertrial interval increases. The 
differences between group cubic components sug- 
gest the superposition of a higher-order function 
upon the linear. Figure | shows that the 0-, 15-, 
and 30-sec. groups tend to rise to a maximum 
postrest level declining, 
whereas for the 45- and ()-sec. groups this rise 
is not as marked. The between-S slopes (Line 
d) and between-S quadratics (Line f) as well as 
the between-S means (Line 6) components indi 


performance before 
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cate the significant differences among Ss. In 
view of the finding of significant differences 
among the group slopes, the over-all tests are 
less meaningful. As would be expected, the 
over-all slope was significant (Line &), indicating 
that for these nine postrest trials performance 
decreases. Because significantly different func- 
tions have been summed, we would expect to 
find over-all postrest performance in this experi- 
ment to be a complex function of pre- and post- 
rest conditions of practice. 


The distributions of times continu- 
ously on target during the postrest 
phase of practice, presented in Fig. 4, 
show a trend opposite to that observed 
during the prerest trials. With 
massed practice, the distributions of 
the five groups tend to converge. A 
chi-square test of the distributions on 
the initial postrest trial (Trial 22) 
showed that the differences among the 
groups were significant at the .01 level 
(x¢ = 149.91, 24 df). Figure 4 dem- 
onstrates graphically the near coin- 
cidence of the 0- and 60-sec. groups at 
the end of nine massed practice trials. 
A chi-square test of the distributions 
on the last postrest trial (Trial 30) 
indicated that the groups no longer 
differed significantly (x* = 24.13, 20 
df,P > .20). An analysis of variance 
performed on the time-on-target scores 
for Trial 30 confirmed the conver- 
gence of the groups. No significant 
differences among group means were 
found (F = .926, 4 and 95 df, P > 
.10). 
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Fic. 4. The distributions of times continu- 
ously on target for 0- and 60-sec. groups during 
the three postrest stages of practice. 


Reminiscence.—To estimate the 
amount of temporary work decrement 
generated in the first 21 trials for all 
groups, difference scores, between the 
first postrest and the last prerest 
trials, were computed. An analysis 
of variance was performed on the 
coded difference scores (10 was added 
to each score to eliminate negative 
numbers) to determine whether there 
was a significant differential amount of 
reminiscence. The analysis indicated 
significant differences among group 
means (J = 2.62, 4 and 95 df, P < 
05). Although it appears from the 
data that the maximum amount of 
reminiscence occurs in the 15-sec. 
group, an orthogonal polynomial 
analysis applied to the group means 
indicated a significant linear compon- 
ent only (F = 7.49, for 1 and 95 df, 
P <.01). Apparently, the finding 
of more reminiscence after a 15-sec. 
intertrial rest was used was a chance 
event. 

A chi-square test was made for the 
differences between the frequency dis- 
tributions for durations continuously 
on target before and after the 5-min. 
rest. Table 2 shows these distribu- 
tions. The shifts in the distributions 
of the 0- and 15-sec. groups were sig- 
nificant at the .O1 level (x? = 28.16 
and 19.95, with 3 and 5 df, respec- 
tively). The chi-square test for the 
45-sec. group also proved significant 
(x? = 16.11, 8 df, P < .05) although 
that for the 30- and 60-sec. groups did 
not (x* = 4.66 and 1.87, with 5 and 8 
df, P> 30 and P > .98, respec- 
tively). Improvement in perform- 
ance as a result of the 5-min. rest takes 
the form of an increase in number and 
shift in duration of hits 

Warm-up effect.—As a check on the 
effect of a warm-up decrement, an 
analysis of variance was performed on 
the time-on-target scores for Trials 22 
and 23. This analysis verified the 
significance of the initial postrest 
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differences among group means (F = 
17.82, 4 and 190 df, P < Ol) but 
indicated no significant effect due to 
trials, i.e., the apparent increase in 
performance from Trial 22 to Trial 23 
was not significant (F = 1.26, 1 and 
190 df, P > 10). Warm-up decre- 
ment is not evident in the present data. 
Furthermore, since the Trials x 
Groups interaction term was not sig- 
nificant, it can also be concluded that 
the apparent differential increase in 
performance from the first to the 
second postrest trials is not a statisti- 
cally reliable phenomenon. 


Discussion 


The obtained results may be inter- 
preted as evidence for the existence of a 
permanent work decrement or condi- 
tioned inhibition, as proposed by Am. 
mons (3), Hull (9), and Kimble (10) 
There are significant differences among 
the performances of the five groups after 
a 5-min. rest. However, an alternative 
to the sJx explanation of this difference 
might be considered. Initially, ali Ss 
make relatively uncoordinated pursuit 


ee 
1.20 1.60 | 2.00 


0 


movement, i.e., jagged, saw-tooth, cir- 
cular responses. We propose that there 
is only one type of inhibition and that 
this has essentially the same properties 
as Hull’s reactive inhibition or Ammons’ 
temporary work decrement. As in their 
systems, it develops at a negatively ac 

celerated rate and dissipates spontane- 
ously during rest. However, in addition 
to reducing performance, we propose that 
it interferes with the acquisition of skill 
and thereby reduces the actual level of 
learning of the habit. In effect our al 

ternative notion argues that the massed- 
practice Ss are inferior to the distributed 

practice Ss on the final prerest trials for 
two reasons: (a) their performance is 
being interfered with, and (4) they have 
learned less of the smooth pursuit track 

ing skill. The dissipation of inhibition 
during the 5-min. rest reduces the inter 

ference with performance but the level 
of the skill remains unchanged. Con 

sequently, we believe that the inequality 
in performances of the groups on the first 
postrest trials is not due to conditioned 
inhibition or permanent work decrement 
but rather to inequality in learning 
smooth circular tracking. Evidence for 
this hypothesis comes from the times- 
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continuously-on-target performance meas- 
ure. At the outset of practice, nearly 
all the hits made by Ss are of short dura- 
tion, indicating an inability to remain on 
target. As practice proceeds, the groups 
differentiate in ability to make longer 
hits, i.e., to make coordinated circular 
movements. The intial postrest differ- 
ence is due primarily to the difference in 
level of skill which varies in accordance 
with the length of intertrial interval and 
the amount of inhibition sustained. 
Under conditions of massed practice, 
this difference is eliminated and there 
is a shift back to less coordinated pursuit 
with an accompanying increase in short- 
duration hits. An hypothesis of this 
general nature would eliminate the need 
for a construct of permanent work decre- 
ment or conditioned inhibition. 

The results of this experiment suggest 
that improvement in performance can be 
attributed to a combined increase in 
number and length of hits. However, 
perfect performance is one hit of 30-sec. 
duration on any given trial. Since the 
mean number of hits for the 60-sec. group 
on Trial 21 is near 50, the total number 
of hits must decrease as improvement in 
performance takes place later in learning. 
The hypothesis of initial increase followed 
by a decrease as learning progresses is 
partly substantiated by the negatively 
accelerated curves of Fig. 4, although 
even after 21 distributed trials the maxi- 
mum number of hits has not been at- 
tained. In terms of actual performance, 
this hypothesis suggests that S first 
learns how to get on target, later how to 
stay on. 

An interesting comparison can be made 
between these data and the data of 
Archer, Kent, and Mote (7). Using the 
same Tracking-time Analyzer, these Es 
measured performance in the Pedestal 
Sight Manipulation Test (PSMT). 
They found that total number of hits 
first decreased ond then increased, appar 
ently a contradiction of the proposed 
hypothesis. The PSMT, a form of three 
dimensional tracking, presents § with a 
more complex task than the pursuit 
rotey. These “s found the initial de- 
in hits attributable to a more 


~rease 


rapid decrease in number of short hits 
compared with the rate of increase in 
number of longer hits, total time on 
target remaining relatively stable. The 
secondary increase in both number and 
duration of hits then resulted in an in- 
crease in time on target. The Ss per- 
forming on the PSMT initially make 
jerking, saccadic movements and later 
learned to coordinate their responses in 
relation to the three-dimensional path 
of the target. Nearly all hits at the 
outset of practice were .05 to .10 sec. in 
duration, whereas on the pursuit rotor, 
where the target path is predictable, Ss 
commonly make hits of .30 sec. in the be- 
ginning of practice. A comparison of 
the results of the present study and the 
previous PSMT study suggests that the 
frequency distribution of duration of hits 
is a function of both stage of practice 
and degree of task complexity. The 
results indicate that for simple tasks 
such as rotary pursuit there will be 
first an increase and then a decrease in 
number of hits, whereas for more com- 
plex tracking tasks there will be first a 
decrease and then an increase in number 
of hits comparable to the initial increase 
of simpler tasks. 


SUMMARY 


Five groups of 20 female Ss participated in a 
rotary pursuit experiment. All Ss had thirty 
30-sec. trials on a 54-rpm pursuit rotor. Each 
group worked under a different condition of prac- 
tice distribution with 0-, 15-, 30-, 45-, and 60-sec. 
intertrial rest. After 21 trials, each group re- 
ceived 5 min. of rest followed by nine massed- 
practice trials. Two response measures were 
used, total time on target and time continuously 
on target, i.e., duration of hits. 

The essential findings were: (a) Distribution 
of practice facilitated performance. (b) After the 
5-min. rest, a significant amount of reminiscence 
was shown in the 0- and 15-sec. groups. (c) The 
differences among groups in performance on the 
first postrest trial were significant. This may be 
taken as evidence for the existence of a perma- 
nent work decrement. However, a more par- 
simonious explanation requiring but a single 
inhibitory construct was offered. (d) Under 
conditions of postrest massed practice, the groups 
tend to converge so that by Trial 9 the differences 
among the groups were not significant. (¢) Un- 
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like previous studies, a significant warm-up 
effect was not observed. 

Evidence that improvement in performance 
takes the form of more hits initially and shifts to 
longer hits later in practice was presented and 
discussed. The results of the present experiment 
indicate that the skill of staying on target for 
relatively long durations continuously is less well 
learned by Ss serving under massed practice as 
compared to Ss serving under distributed prac- 
tice. Through the use of a Tracking-time 
Analyzer a measure of this skill was obtained. 
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STIMULUS SEQUENCE AND CONCEPT LEARNING! 


MARVIN H. DETAMBEIL? AND LAWRENCE M. STOLUROW? 


University of Illinois 


This study is concerned with rules 
for arranging stimulus ‘nformation to 
facilitate concept learning. The rules 
that gain support may not apply to 
ail concept learning situations, but 
are expected to be applicable to situ- 
ations in which the following four 
conditions obtain. These are: (a) 
S must learn several concepts; (bd) 
each stimulus item is a positive in- 
stance of one concept and a negative 
instance of all alternative concepts; 
(c) every stimulus item is a compound 
of several variable components, only 
one of which determines the concept 
of which the item is a positive in- 
stance; and (d) the relevant stimulus 
component of each concept is unique, 
rather than including several dis- 
criminable values that can occur inter- 
changeably in instances of the same 
concept. 

The individual members of a set of 
stimulus items that meet these re- 
quirements can be presented one at a 
time in a variety of different orders. 
Under the training procedure used in 
this experiment, each item, when pre- 
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sented, constitutes a trial on which S 
indicates the concept that he thinks is 
represented, and on which he is in- 
formed which concept is represented. 
From one trial to the next both rele- 
vant and irrelevant components may 
have either the same value or a differ- 
ent value. 

The relationship between a relevant 
and an irrelevant component can be 
said to be synchronous if both maintain 
their value, or if both change value 
from one trial to the next. Con- 
versely, when a change in value of 
a relevant or irrelevant component is 
accompanied by no value change in 
the other, this relationship may be 
designated asynchronous. It is possi- 
ble for synchrony and asynchrony to 
occur in a single pair of trials if each 
of the stimulus items consists of 
several independently variable com- 
ponents. 

It is the thesis of this paper that in 
the class of stimulus situation defined, 
the training efficiency of a series of 
stimulus items is negatively related to 
the relative degree or frequency of 
synchrony in the series. 


To illustrate the way in which in- 
creased synchrony of relevant and irrele- 
vant stimulus components results in de- 
creased information about the concepts, 
consider two successive trials of a con- 


cept learning experiment. In this hypo- 
thetical situation the stimulus event on 
each trial is made up of three components 
(a stimulus triad). The S has been told 
that from trial to trial each component 
can assume a different value and that 
only one of these components is relevant 
to the response he is to make. It is S’s 
task to discover which component is 
relevant and determine what values of 
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that component are associated with each 
response. Now consider the maximum 
information that can be extracted by 
different Ss from pairs of trials under 
three sequences that differ in synchrony. 
On the first trial of the task the same 
stimulus triad is used for all groups; it is 
three adjacent rectangles which are red, 
white, and blue, respectively, as seen 
from left toright. After seeing this item, 
all Ss are told that response ‘‘A”’ is 
correct. Now consider the second trial. 
In the first of these sequences the Ss may 
see a triad which is blue, white, blue and 
be told that the correct response is “B.” 
Therefore the information Ss could de- 
rive from this pair of trials would be that 
the left component is relevant and that 
the color red meant response “‘A,” and 
blue “B.” 

Now consider the second trial of an- 
other sequence. This time the second 
triad might be blue, blue, blue and the 
correct response “B.” The Ss given 
this pair of trials could extract less in- 
formation than those given the first 
sequence. This second group could 
eliminate the component on the right 
since it stayed blue when the required 
response changed from “A” to “B.” 
However, since the left and center rec- 
tangles both changed color, either one 
could be relevant and at least one addi- 
tional trial would be needed before Ss 
could determine whether the left or the 
center rectangle was relevant. 

In a third sequence, all three compon- 
ents could change value on the second 
trial. In this case Ss would be unable to 
eliminate even one of them from further 
consideration. 

These three examples illustrated differ- 
ent degrees of synchrony, and by apply- 
ing our experimental hypothesis we 
should expect to find that the first pro- 
cedure was best for concept learning and 
the third one least facilitative. 

The principles of stimulus sequencing 
used in the experiment to be reported are 
those described in this illustrative case. 
However, S’s task was more difficult in 
that they were given less preliminary 
information about the nature and num- 
ber of relevant components. 


Metuop 


One set of 27 projected drawings was used. 
The sequence in which the 27 stimulus triads 
were presented during training was different for 
each group. This was done to produce different 
degrees of synchrony. 


Stimulus Material 


Each triad consisted of three adjacent rec- 
tangles, all of which had their base at the same 
vertical level. Fach rectangle could have any 
one of three heights. In the drawings photo 


TABLE 1 


Sequence or Stimutus Triaps ror tHe Two 
Traintnc Procepures anp THe ‘Test 
Tuat Fottowep Traininc* 


Training Procedure 
Test 
Sequence 


I (Min.) Il (Max.) 


Rectangle Rectangle Rectangle 


l 
2 
3 
4 
S 
6 
7 
8 





























The’ letters “HH,” “L,” and “M" designate the 
height of the rectangles which comprise the stimulus, 
and may be interpreted as “high,” “low,” and “med 
ium."“(yThebheight of Rectangle 1 determines which 
letter-naming response is correct; for high, medium, 
and low rectangles, respectively Qthe response “A,” 
“B.” and “C” are correct ; this sequence is the same for 
both training procedures 
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graphed to produce film strip, these heights were 
2, 1, and } in.; every rectangle was | in. wide. 


Procedure 


Each of the 27 stimulus triads was used only 
once in both training and test trials for each 
group. 

Training sequences.—Without telling Ss, the 
rectangle on the left was designated the relevant 
one. Whenever the relevant rectangle was tall, 
the appropriate response was “A”; when medium 
sized, “B’’; when short, “C.” 

In Table 1, Rectangle 1 is the relevant rec- 
tangle; it can be seen here that the sequence of 
values of the relevant stimulus component is the 
same for both training procedures, but that the 
sequence of values of the irrelevant components 

Rectangles 2 and 3—is different for the proce- 
dures. 

The stimulus sequence for the Ss given Pro- 
cedure I is a sequence of minimal synchrony of 
relevant and irrelevant components. It will be 
noted that in Procedure I, on every pair of trials 
in which the relevant rectangle changes size, 
both irrelevant rectangles remain constant in 
size and whenever the relevant rectangle re 
mains constant, both irrelevant rectangles change 
in size. Of the two sequences used in the experi- 
ment, this one is expected to provide the better 
training. 

The stimulus sequence for Procedure II repre- 
sents maximum synchrony, the sequence ex- 
pected to result in poor performance. Rectangle 
2 changes size whenever the relevant rectangle 
does. Due to the requirement that each of the 
27 triads should be used only once, it is not possi- 
ble also to have both irrelevant rectangles re- 
main constant in size when the relevant rectangle 
is kept constant. Therefore there are eight 
pairs of trials in which Rectangle 3 cuanges size 
while the relevant rectangle does not. 

Subjects.—-The Ss were newly enrolled stu- 
dents at the University of Illinois. Procedure 
I Ss were 335 students entering the College of 
Commerce; Procedure II, 275 students entering 
the College of Agriculture. While these students 
were assembled for vocational guidance testing, 
the experiment was conducted as though it were 
a part of the testing program. At the conclusion 
of the experiment the students were told that 
they had participated in an experiment and that 
their test scores on the concept learning task 
would not be used in vocational counseling. 

Instructions.—The Ss were told that the test 
they were about to take was to find out how 
quickly and accurately they could make use of 
information given to them in the test items. 
The following specific instructions were read: 


“On this screen I’ll show you a series of 
pictures of three boxes. Each box can have any 
one of three heights. It can be a tall box like 
this (EZ pointed to it), or a short one like this, or 
a middle-sized one like this. 

“Each drawing has a letter-name which is 
related in some way to the height of the figure 
Some drawings have the letter-name ‘A,’ others 
‘B,’ and others ‘C.’ Your problem is to learn the 
way in which the height of the figure determines 
its name, so that you can correctly name any 
picture that is shown to you. It may be the 
height of one of the boxes that tells you what the 
name is, or the height of two of the boxes, or the 
height of all three. That is something you will 
have to find out as you look at the pictures. 

“This is the way we'll do it. First, you will 
see a picture of three boxes. While the picture 
is there, carefully notice the height of each box. 

“Next, the word ‘write’ will appear on the 
screen to remind you to write the name of the 
figure on your answer sheet. [E showed 
‘write’ frame.] Decide whether the drawing is 
an ‘A,’ ‘B,’ or ‘C,’ and write that letter after 
number ‘1’ in the first column of your answer 
sheet, and so on. 

“After you have had a short interval in which 
to write ‘A,’ ‘B,’ or ‘C,* the figure will be repeated 
and the correct letter name will be indicated to 
the right of the figure, where ‘X’ appears on this 
picture. [Showed example.] In addition to 
telling you whether your answer was right or 
wrong, this provides an opportunity for studying 
the relationship between the letter-name and the 
height of the figure. Study it carefully, but do 
not change what you have written. 

“After an interval without a picture, you will 
be shown the next picture. Again you are to 
decide whether the figure is an ‘A,’ ‘B,’ or ‘C,’ 
write your decision in the next space on your 
answer sheet, see what the correct answer is, 
and then wait for the next picture. 

“At first your answers will be guesses, but as 
you see more and more examples you should 
learn to recognize the three kinds of figures and 
write the correct letter every time. 

“Before beginning the test I'll run the pro- 
jector a short time to show you how the boxes 
will look, and how fast you must write your 
answers [two illustrative trials ]. 
question about what you are to do? 

“Remember, you are to learn to identify each 
figure as ‘A,’ ‘B,’ or ‘C.’ While the word ‘write’ 
is on the screen, write your answer in the first 
column of your answer sheet, after the correct 


number. Do not change any answers.” 


Is there any 


*The word “box” was used throughout the 
instructions to the trainee in preferences to 
“rectangle.” 
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Questions were answered by repeating or 
paraphrasing parts of the instructions. 

After 27 training trials the projector was 
halted and the following instructions read 

“Now you will see the pictures in a different 
order and you are again to identify each figure 
as an ‘A,’ ‘B,’ or ‘C.”’ You will see the same 
figures, and the same answers will be correct, 
but this time you will not be told what answer 
you should have written. Write your answers 
in the second column and try to answer correctly 
as often as possible.” 

As the instructions indicate, each training 
film contained four frames pec trial: (a) a picture 
(b) the word “write”; (c) 
another picture of the same rectangles plus the 
correct letter name (“X” was substituted for the 
correct letter in illustrative trials); and (d) a 
blank Since the Animatic 
16-mm. projector was change 
, each training 


of three rectangles; 


Dunning 
adjusted to 


frame. 


frames automatic ally every 7.5 sec 
trial lasted 30 sec 

During the test series there were only two 
frames per trial: (a) a picture of three rectangles, 
and (b) the Test trials lasted 


15 sec 


word “write.” 


During both training and test series, E an 
nounced the trial number about | sec. before the 
stimulus appeared 

Procedure I data were obtained in the morn- 
ing, and Procedure II data in the afternoon of 
the same day so that any intergroup communica- 
tion would tend to improve the performance of 
Procedure II and work 
against the experimental hypothesis. 


those trained under 


RESULTS 


Since the ACE scores were available 


on all but 29 Ss, norms developed on 
previous University of Illinois stu- 


dents were used to divide Ss trained 
under each procedure into five ACE 
groups. Having determined group 
membership, the hypothesis was tested 
that the proportion of solvers was the 
same for the minimum and maximum 
synchrony procedures. By making 
independent checks of the hypothesis 
at each ACF level it was possible to 
determine the effectiveness of syn- 
chrony regardless of variations in the 
size Of the groups at the different levels 
for the two procedures and at the same 
time maintain approximate equival- 
ence in scholastic aptitude. Fifteen 


such checks were made, using groups 
selected on the basis of (a) Q or 
quantitative score, (b) L or language 
score and (c) total score. 

Table 2 shows the number and per- 
centage of Ss in each ACE. group who 
correctly identified all 27 test items. 
The percentages are printed in bold 
face for all ACE quintiles at which the 
high and low synchrony sequences 
produced significantly different per- 
centages of solvers. Seven chi 
squares exceeded the minimum con- 
fidence level of .O1, and all seven were 
obtained in the first three quintiles. 
In no case was there a significant 
difference between the proportions of 
solvers at the highest quintiles under 
the two sequences. These data dem- 
onstrate that at low ACE levels, the 
maximum synchrony sequences pro- 
duced a significantly smaller propor- 
tion of solvers than did the minimum 
synchrony sequence, but that at high 
ACE levels the two degrees of syn- 
chrony did not result in significantly 
different proportions of solvers. 
Since each chi square was computed 
at an ACE quintile level, it was inde- 
pendent of those at the other quintile 
levels. Therefore, it was possible to 
obtain an over-all estimate of the 
effects of synchrony by summing the 
chi-square values. The chi squares 
for the Q score, L score and Total 
score, with 5 df (one per ACE level), 
exceeded the minimum confidence 
level of .O1, viz. 21.93, 32.60, and 
35.36, respectively. The mean per- 
centage of solvers for each sequence 
can be estimated for the case where 
there are equal Ns in the five ACE 
groups run under a simple synchrony 
procedure by giving equal weights to 
every group at each level. This was 
accomplished by computing the mean 
of the means in Table 2; those for the 
minimum synchrony sequence vary 
from 64.41 to_64.91_and for the maxi- 
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TABLE 2 


Numper anv Peacentace or “Sotvers” at Eacu ACE Quintice ror THE 
Minimum ann Maximum Syncurony Procepures 











Q-Seore 


L-Score Total Score 





Maximum 
Synchrony 


Minimum 
Synchrony 


| wank 
of % 





N 
50 
46 
46 

33 
29 





























Minimum 
Synchrony 


Minimum 
Synchrony 


Maximum 
Synchrony 


Maximum 
Synchrony 


2 

1 3557.14, 
3 | 51/72.86 
4 | 39/6393 
5S | 33/64.71 


| 1365.00) 
110) } 
1 Oo 





Note. Bold face used where differences between minimum and maximum synchrony in percentage of solvers 


are significant beyond the .01 level. 


mum synchrony sequence from 44.62 
to 47.09, leaving little doubt that the 
two sequences had different effects. 

A further indication of the relation- 
ship between scholastic aptitude and 
performance in this concept learning 
study can be obtained from Table 2 
by comparing (a) the rank orders of 
the percentages of solvers under each 
procedure with (b) the ACE quintile 
numbers. It can be seen that under 
the maximum synchrony sequence, 
the percentage of solvers increased 
regularly with increase in ACE 
Q score. This perfect correspond- 
ence of ranks is significant at the .01 
confidence level. Similar compari- 
sons of ranks for percentages.of solvers 
and quintiles (using both the ACE 
L-score and Total-score quintiles) 
show one inversion of ranks in each 
case. These rank correlations are 
significant at the .05 level. In the 
case of minimum synchrony, the se- 
quence expected to result in better 
learning, there was no significant cor- 
relation between the percentage of 
sulvers and any of the three sets of 
ACE quintiles. 

In a final analysis using data from 
Table 2, no significant differences were 


found when the percentage of solvers 
in the Quintile 5, maximum syn- 
chrony group, was compared with the 
percentage of solvers in each of the 
quintiles under the minimum syn- 
chrony procedure. 

The data summarized in Table 2 
indicate an interaction between scho- 
lastic aptitude and amount of syn- 
chrony. Under the minimum syn- 
chrony procedure, Ss at all ACE levels 
were about equally successful in learn- 
ing the concepts. Under the maxi- 
mum synchrony procedure, however, 
there was a positive correlation be- 
tween scholastic aptitude and solution 
of the concept learning problem. At 
low ACE levels there were significantly 
fewer solvers under this procedure 
than under the minimum synchrony 
procedure, but maximum synchrony 
Ss at the top ACE levels were about as 
successful in learning the concepts at 
were the minimum synchrony Ss as 
all levels. : 

The interaction just described indi- 
cates that the ACE level of groups 
trained under difference degrees of 
synchrony is an important determiner 
of the amount by which those groups 
will differ in percentage of solvers. 
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For example, the data in Table 2 
suggest that if only Ss with high ACE 
scores had been used in this experi- 
ment there would have been no sig- 
nificant difference between maximum 
and minimum synchrony in percent- 
age of solvers. On the other hand, 
this difference would have been maxi- 
mized if only Ss with low ACE scores 
had been used. 

The foregoing analyses of perform- 
ance on the concept learning task were 
concerned only with the proportions 
of Ss who obtained perfect or less than 
perfect scores on the test series. Two 
more detailed performance summaries 
are the frequency distributions of 
training scores shown in Fig. 1 and the 
distributions of test scores in Fig. 2. 
In testing the hypotheses that the fre- 
quency distributions obtained under 
the two degrees of synchrony are 
random samples from the same popu- 
lations the “O-3” and “4-7” score 
categories were not used because of 
small theoretical frequencies. The 
x? for the training score distribution 
was 79.4 and for the test distribution 
31.3. Both results are statistically 
significant beyond the .O1 level (with 
4 df, x* = 13.277 has P < .Ol), and 
we therefore conclude that Ss trained 
under the two procedures differed in 


Sa MIN SYNCHRONY 
Cc MAK SYNCHRONY 
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O53 ° 47° 6H 
NUMBER CORRECT DURING TRAINING 


Fic. 1. Training score distributions for 
Procedure I (minimum synchrony) and Proce- 
dure II (maximum synchrony). 
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1G. 2. Test score distributions for Ss 
trained on Procedure I (minimum synchrony) 
and for Ss trained on Procedure II (maximum 
synchrony). 
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F 


performance during both training and 
test series, with Ss in the minimum 
synchrony procedure tending to re- 
spond correctly more frequently than 
Ss in the maximum synchrony 
cedure. 


pre - 


Discussion 


A number of previous studies have 
been concerned with the relative effec- 
tiveness of positive and negative in- 
stances in concept learning (1). The 
present study points out that for a given 
set of positive and negative instances, 
the sequence in which they are presented 
is an important factor in training ef.- 
fectiveness. Specifically, the results 
strongly support the experimental hy- 
pothesis that, in the class of concept 
learning situations under consideration, 
the training efficiency of a sequence of 
items is negatively related to the degree 
of synchrony of relevant and irrelevant 
stimulus components occurring in th 
sequence. 

For the experimenter in concept learn 
ing this result suggests that synchrony is 
a variable to be controlled in future 
experiments. 
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For the person interested in efficient 
training procedures this result suggests 
rules for arranging stimulus sequences. 
If one is to learn a set of concepts by ob- 
serving a sequence of instances of them, 
then: (a4) When the same relevant cue is 
presented on adjacent trials, as many as 
possible of the irrelevant stimulus com- 
ponents should have different values on 
the two trials. (4) When two different 
relevant cues are presented on adjacent 
trials, as many as possible of the irrele- 
vant stimulus components should be 
kept constant. 

The reader is reminded again that these 
rules may not apply to all concept learn- 
ing situations, but are expected to apply 
in at least those situations which meet 
the conditions specified in the first para- 
graph of the paper. Furthermote, these 
rules are not intended as a complete set 
even for situations which meet these 
conditions, for other rules of efficient 
procedure have yet to be determined. 
Missing, for example, are the rules for 
generating an optimum sequence of 
relevant cues. 

The greater effectiveness of the low 
synchrony sequence appears to derive at 
least in part from an interesting and 
readily understandable sort of interaction 
between scholastic aptitude and degree 
of synchrony. At low synchrony levels 
scholastic aptitude and concept learning 
have no significant correlation, while at 
high synchrony levels there is a signi- 
ficant positive correlation between these 
variables. Apparently, Ss at all apti- 
tude levels do equally well in learning the 
concepts as long as the stimulus sequence 
contains little synchrony of relevant and 
irrelevant stimulus components. How- 
ever, as synchrony is increased, fewer 
and fewer of the low aptitude Ss learn 
the concepts. 


SUMMARY 


An experiment was conducted to investigate 
relationships between concept learning and the 


degree of synchrony of relevant and irrelevant 
stimulus components that occurs during the 
learning period. Two stimulus components are 
said to be in synchrony if both maintain their 
value, or both change value from one trial to the 
next. 

Every stimulus item was a compound of three 
variable components (a stimulus triad), only 
one of which was relevant to the response S was 
to make. Each stimulus component was a rec 
tangle that could have any of three values (i.c., 
any of three heights), and for each value of the 
relevant component a different letter of the 
alphabet was the correct response. 

A single set of 27 stimulus triads was used, 
but the sequence in which the triads was shown 
during training differed in the two procedures. 
However, while the sequence of stimulus triads 
differed, the sequence of relevant cues and there- 
fore the sequence of correct responses was identi- 
cal in both treatments. Thus, the two training 
procedures differed in the degree of synchrony 
of relevant and irrelevant components. 

An interaction was found between the degree 
of synchrony in the stimulus sequence and scho- 
lastic aptitude as measured by the ACE examina- 
tion. For Ss with high ACE scores the two 
stimulus sequences did not produce significantly 
different proportions of Ss who learned the con- 
cepts. However, as ACE score decreased the 
proportion of “solvers” under the high syn- 
chrony procedure decreased, becoming signifi- 
cantly smaller than the proportion of “solvers” 
under the low synchrony procedure. The pro- 
portion of “solvers” under the low synchrony 
procedure did not change significantly as a func- 
tion of ACE score. Consistent with this inter- 
action, the proportion of “solvers” was signifi- 
cantly greater under the low synchrony sequence 
than under the high synchrony sequence. ‘These 
results supported the experimental hypothesis 
that, in the class of situations considered, the 
training efficiency of a series of stimulus items 
is negatively related to the degree of synchrony 
of relevant and irrelevant stimulus components in 
the series. 
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PROBABILITIES OF SUCCESS AND AMOUNTS OF WORK 
IN A MULTICHOICE SITUATION ! 
MARVIN H. DETAMBEL 
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This experiment was performed to 
gain some information about the rela- 
tive weighting of two variables in 
repetitive multichoice situations. 
The two variables are (a) the relative 
frequencies with which the several 
possible choices are “correct,” and (b) 
the amounts of work associated with 
the alternative choices. 

These variables are prominent in 
the experience of men who diagnose 
and repair malfunctioning equipment. 
Frequently a trouble symptom indi- 
cates only that the trouble, or some 
additional information about the 
trouble, lies in one of several possible 
locations. Given such information, 
the trouble shooter must decide 
which possibilities to check first, sec- 
ond, etc., until the trouble is identi- 
fied. These are important decisions, 
for in the typical case the alternatives 
differ in both (a) their probability of 
being the actual trouble, and (b) the 
amount of time required to perform 
the checking operations; under these 
circumstances there are usually some 
sequences of checking the alternatives 
which are more efficient than others, 
in that they consume a smaller average 
amount of time in identifying the 
trouble. 

! This report covers work performed under the 
University of Southern California-U. S. Navy 
Electronics Laboratory Joint Project No. 8. 
It is part of a series of investigations under Con- 
tract No. NObsr-57435 between the Bureau of 
Ships, Navy Department, and the University 
of Southern California in cooperation with the 
U. S. Navy Electronics Laboratory. The ex- 
perimental work was carried on at the U. S. 
Navy Electronics Laboratory. Miss Mary Jane 
Haugen assisted in collecting the data. 


?Now at The RAND Corporation, Santa 
Monica, California. 
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Given information about the probability and 
work time associated with each of the possible 
troubles, the relative efficiency of all behavior 
routes can be determined. For example, sup- 
pose a symptom indicates that the trouble lies 
in component A, B, or C, that these components 
are the cause of the symptom with relative fre 
quencies .7, .2, and .1, respectively, and that 50 
min. are needed to check A, 5 min. to check B, 
and4min.tocheckC. The probability informa- 
tion, considered separately, suggests checking in 
A-B-C order, since A is the most likely trouble 
source and C least likely. The work times sug 
gest checking in C-B-A order since C requires the 
least time and A the most. However, calcula- 
tion of the average amount of time per discovery 
of the trouble via each of the six possible be- 
havior routes indicates that the B-C-A sequence 
is most efficient. 

To illustrate such calculations, consider 100 
occurrences of the same symptom and consistent 
use of the A-B-C checking order. ‘The checking 
operation will require 50 min. on each of the 70 
occasions when A is the trouble source, or a total 
of 50 & 70 = 3500 min. On the 20 occasions 
when A is not faulty but B is, each check will 
require 50 + 5 = 55 min., or a total of 55 K 20 
= 1100 min. On the 10 occasions when C is 
faulty, each check will require 50 + 5 + 4 = 59 
min., or a total of 59 K 10 = 590 min. ‘Total 
time for 100 occurrences of the symptom is 5190 
min., an average of 51.9 min. per occurrence of 
the symptom. 

Table 1 summarizes a set of similar computa- 
tions for the six possible checking sequences and 
shows that the B-C-A order requires the least 
average amount of time per trouble occurrence. 
Other sequences require an average of .3 to 9 
additional minutes, or up to 20.8% more time 
per trouble occurrence. 


It is of considerable theoretical in- 
terest and practical importance to 


determine whether persons, as a re- 
sult of repeated experience with prob- 
ability-work .time situations of the 
sort just described, learn to follow the 
most efficient behavior route. 
it was hypothesized that in many cases 
men do not adopt the most efficient 


Since 
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Retative Errictency or Various Curcxinc 
Sequences Wuen Severat Possiare 


Trovetes Dirrer in Propasitiry ANd 
Cueckxinc Time 




















* Computational procedure is described in text. 


behavior sequence, but check first 
‘either the alternative with greatest 
probability of success or least work, 
it was decided to find out which of 
these variables carries greater weight 
in determining behavior sequences. 
To accomplish this, Ss were ex- 
posed repeatedly to a situation in 
which four alternatives had different 
probabilities of being the source of 
trouble and required different work 
times, but in which the average work 
time was equal for all of the 24 possi- 
ble checking sequences. Since no 
sequence was more efficient than any 
other, the development of a preferred 
behavior route could not be attributed 
to its relative efficiency. It should be 
fairly straightforward, therefore, to 
determine whether Ss adopt a be- 
havior route based primarily upon the 
probabilities or upon the amounts of 
. work associated with the four alterna- 
tives. 


Metuop 


‘The simulated trouble-shooting situation in 
which Ss worked is described in the following 
instructions which were read to each S at the 
beginning of the experiment. 

“Imagine a piece of equipment that is not 
functioning properly. You have been trouble- 
thooting the equipment and you know that the 
srouble lies in one of four possible locations. 
Your next job is to check these four possibilities 
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to determine which one is actually causing the 
difficulty. You want to complete this work in 
the least possible time, so the order in which you 
check the four parts may be imporant. The 
checking order will be important if the checking 
time is not the same for all four parts, and if the 
parts are not equally likely to be the cause of the 
trouble. 

“Now, let these four decks of cards represent 
the four components in which the trouble might 
lie. You can check a component by turning 
over one card at a time, like this, until you turn 
up an information card. There are two types 
of information cards, the ace of spades and the 
joker. Whenever you turn up a joker yuu will 
know the component is okay and you should 
begin to check a different deck. The ace of 
spades represents the faulty component, so when- 
ever you turn it face up you can stop sorting 
cards and wait for the next trial. On each trial 
one deck will contain the ace, the others will 
contain jokers. The ace of spades will not be in 
the same deck on every trial, but it will appear 
in some decks more often than others. You will 
also find that the depth at which the information 
card is buried is not the same for all decks. 

“Each trial will be completed when you have 
exposed the ace of spades. In looking for the 
ace try to check the decks in the order which, on 
the average, requires the smallest amount of 
time and effort; that is, the order which minim- 
izes the number of cards you must turn to find 
the ace. As the experiment progresses I will be 
interested in any comments you may have con- 
cerning the most efficient order for checking the 
four decks. You will be given an opportunity 
to comment after each trial. Are there any 
questions? 

“Remember, your task is to find the ace of 
spades in the most efficient manner. Select a 
deck. Turn over one card at a time until you 
expose a joker or ace of spades. If a joker, go to 
another deck and continue to turn cards. Stop 
only when you have exposed the ace of spades.” 

The random assignment of the ace of spades 
to the four decks was such that in every block of 
15 trials the ace was found in Deck A eight times, 
in B four times, in C twice, and in D once. 
These ace-in-deck frequencies suggest that the 
efficient order for checking the decks is A-B-C-D. 
However, in Deck A the information card was 
always the sixteenth card turned; in B the in- 
formation card was eighth; in C, fourth; and in 
D, second. This information about amount of 
work, when considered by itself, suggests that 
the decks should be checked in D-C-B-A order. 

These particular values of the two variables 
were selected so that no checking order would be 
more efficient than any other; for each of the 24 
possible orders of checking the four decks the 
average number of cards turned in finding the 
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Fic. 1. Percentage of first choices on 
the indicated deck was selected. 


ace is 20.67. Therefore the development of a 
preference for a particular order could not be 
attributed to the relative efficiency of that order. 

Twelve men served as Ss, each finding the ace 
120 times. 

On each trial the decks were presented in four 
canasta baskets placed in a row on a wooden 
tray. ‘Two such trays were used so that while S 
was working with one set of four decks an assist- 
ant could prepare the other set for the next trial. 
For any S, the location of Decks A, B, C, and D 
remained constant from trial to trial, but a differ- 
ent arrangement of decks was used for each S. 
Of the 24 possible ways of assigning the four 
decks to the four baskets, 12 were used, with all 
decks being assigned equally often to each 
basket. 


RESULTS 


Figure | shows, as a function of 
trials, the relative frequency with 
which each of the decks was the first 
to be checked. At the outset the 
four decks were about equally likely 
first choices. These percentages 
gradually diverged, with Deck A be- 
coming the most popular first choice, 
B the second most popular, C third, 
and D the least popular. The con- 
sistency of this preference can be seen 
in Table 2, which shows each 5's dis- 
tribution of first choices for the final 
30 trials. 

On some trials the first deck ex- 
amined did not contain the ace, mak- 
ing it necessary for S to select a second 
deck for examination. Of the three 
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decks among which the second choice 
was made one had the highest prob- 
ability of containing the ace and re- 
quired the greatest amount of work, 
one had the lowest probability and 
required the least work, and one had 
an intermediate probability and re- 
quired an intermediate amount of 
work. Figure 2 shows, as a function 
of trials, the relative frequencies with 
which the second deck checked was 
the one with highest probability, the 
one with second highest probability, 


wiGH = PROBABWITY 
INTERMEDIATE -PROSABWITY 
Woe PROBABILITY 





iL 
5 4 c) 
TRIAL BLOCKS 





Fic. 2. Percentage of second choices 
which the indicated deck was selected. 
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Fic. 3. Percentage of third choices on 
which the indicated deck was selected. 


and the one with lowest probability. 
Again the percentages diverged, with 
the deck most likely to contain the 
ace becoming the most popular choice, 
and the deck least likely to contain 
the ace becoming least popular choice. 

When neither the first nor second 
deck contained the ace, a choice had 
to be made between the two remaining 
decks. Figure 3 shows, as a function 
of trials, the relative frequencies with 
which the high-probability and low- 
probability decks were selected. As 
with the first and second decks sel- 
ected, there is an increasing tendency, 
with trials, to choose the deck which 
required more work but was more 
likely to contain the ace. However, 
the preference is less marked in this 
third choice. 


Discussion 


The Ss’ performance can be sum- 
marized by saying that they acquired a 
preference for that one of the previously 
unchecked alternatives which had the 
highest probability of being correct and 
required the greatest amount of work. 

This outcome may be expected in 
situations where (a) the ratio of work 
time to probability.is the same for all 
alternatives, and (4) the work time for 
each choice is determined by the number 
of cycles of some repetitive activity 
required by that choice. A more gen- 
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eral statement of this latter restriction 
may be that the energy requirement per 
unit of work time should be equal for all 
alternatives. It seems quite likely that 
differences in energy expenditure per unit 
of work time would alter S’s performance 
in this sort of task, but the present 
experiment yields no data upon which to 
argue the question. The interaction of 
work times, energy requirements, and 
probabilities remains a topic for future 
investigation. 

Finally, because of the heavier weight- 
ing of the probability variable, it is 
likely that small increases in the amount 
of work associated with the high prob 
ability alternatives would produce little 
change in Ss’ behavior; i.c., Ss would 
continue to prefer the high probability- 
high work alternative even though it 
has become more efficient to select the 
low probability-low work alternative. 
The existence and extent of such in- 
efficient behavior also remains a subject 
for future research. 


SUMMARY 


This experiment grew out of a common 
trouble-shooting situation in which a trouble 
symptom has a probabilistic relationship to 
several possible troubles and in which different 
amounts of work are required in checking the 
several possibilities. The situation was simu 
lated by repeatedly presenting S with four decks 
of cards, one containing a card representing the 
trouble, and the others containing cards repre 
senting the absence of trouble. The decks 
differed both in their probability of containing 
the “trouble” and in the number of cards that 
had to be turned to discover whether or not the 
“trouble” was present. However, these prob 
abilities and amounts of work were such that all 
of the 24 possible sequences for checking the four 
decks resulted in the same average amount of 
work per discovery of the “trouble,” i.c., for all 
sequences the same mean number of cards had to 
be turned per discovery of the trouble indicator. 
Under these circumstances Ss showed an increas- 
ing tendency, with trials, to select that one of the 
previously unchecked decks which had the 
greatest probability of containing the trouble 
indicator, even though this choice also required 
the most work. 
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Sheffield (19) and Stanley (22) have 
reported evidence to indicate that 
distributed (15-min. intertrial in- 
tervals) extinction trials result in 
faster extinction. as determined by 
running time, than massed (15-sec. 
interval) trials. These two reports 
differ from seven studies (6, 7, 12, 15, 
16, 17, 24) reporting massed extinction 
trials to result in quicker extinction, 
and two studies (13, 14) which show 
no difference in effect of intertrial 
interval. 

The effect of the intertrial interval 
upon acquisition is perhaps more 
consistent, at least to the extent that 


there are no studies reporting exactly 


contradictory evidence. Five recent 
studies (3, 8, 16, 21, 24) show spaced 
acquisition to result in superior con- 
ditioning to massed, and two studies 
(6, 18) show no difference as a result 
of spacing. No study has been re- 
ported showing massed trials to be 
superior to spaced. 

The reports of the interaction 
effects between spaced and massed 
trials in acquisition and extinction 
are also notentirely consistent. After 
massed acquisition, three studies (6, 
19, 22) show that spaced trials lead to 
faster extinction; and one (16) shows 
no difference between spaced and 
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massed. After spaced acquisition, 
two studies (16, 6) show massed trials 
leading to quicker extinction, one (19) 
shows spaced leading to quicker ex- 
tinction, although the difference was 
not quite statistically significant, and 
one (22) shows no difference. 

Another variable with important 
effects for both acquisition and ex- 
tinction is the percentage of reinforce- 
ment administered during acquisition. 
Many studies (10) indicate that a 
partially reinforced response is ac- 
quired more slowly than a continu- 
ously reinforced one. Shefheld (18), 
however, found no difference between 
partial and continuous reinforcement 
in this respect. The evidence of the 
effect of partial reinforcement on ex- 
tinction is quite consistent in showing 
a partially reinforced response to 
extinguish slower than a continuously 
reinforced one. Sheffield (18) has 
presented evidence to show that this 
“Humphreys effect” is due, in part at 
least, the acquisition intertrial 
interval. Grant, Schipper, and Ross 
(6), Weinstock (25), however, 
found the Humphreys effect to be 
independent of the acquisition in- 
terval. 

The evidence 
covery (4, 5, 7, 
meager, is 


to 


and 


on spontaneous re- 

11, 26) although 
relatively consistent in 
showing spontaneous recovery to be a 
function of time. Extremely few 
experiments have attempted to de- 
termine the effect of other stimulus 
variables upon spontaneous recovery. 

The purpose of the present experi- 
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ment was to contribute empirical 
evidence on the action and interaction 
of: (a) two intertrial intervals in 
acquisition, (6) two percentages of 
reinforcement, (c) two intertrial in- 
tervals in extinction, and (d) four 
postextinction time intervals prior to 
a spontaneous recovery test. 


MetTHOoD 


Subjects.—The Ss were 80 experimentally 
naive male albino rats purchased from the 
Sprague-Dawley Co., of Madison, Wisconsin. 
Nine animals were discarded during the course 
of experimentation due to sickness because of the 
effects of winter temperature variability. ‘These 
animals were replaced. Age of the animals 
varied from 75-90 days, with the mean at 
approximately 80 days, and their mean weight 
was approximately 200 gm. All Ss were ran- 
domly assigned to the various experimental 
conditions. 

Apparatus.—The dimensions and coloring of 
the runway used in this experiment conformed 
to those reported by Sheffield (18). ‘The lighting 
in the room came solely from an overhead 
(O-w. bulb. An automatic timer was activated 
when the starting-box door was raised, and was 
stopped when an animal put weight on the 
floor of the goal box. 

Procedure.—At \east seven days prior to 
experimentation Ss were placed on a 24-hr. 
restricted diet of approximately 74 gm. of Purina 
Dog Chow. Each day during these seven, Ss 
were handled and tamed for approximately 
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5 min. The day before their first pretraining 
trials each S was placed for approximately 2 min. 
in the closed starting box. Then S was carried 
to the closed goal box where he remained until 
he had eaten three pellets from the food dish, 
after which he was returned to his living cage. 
Aside from the time devoted to taming and 
experimentation, S remained in his living cage. 

On the day following habituation, S, under 
approximately 23-hr. food deprivation, was 
placed by hand in the starting box, facing the 
door. Approximately 1 sec. later the starting- 
box door was raised. As soon as § left the 
starting box, the door was closed to prevent 
retracing. Another door located about 4 in. in 
front of the goal box was lowered after S had 
crossed that point, again to prevent retracing. 

A 45-mg. dry pellet was placed, on rein- 
forced trials, in a small porcelain cup in the 
corner of the goal box. On nonreinforced 
acquisition trials and on extinction trials neither 
cup nor pellet was present. Because of a 
shielding black curtain, S was never able to see 
whether the cup was present until he was well 
inside the goal box. Approximately 10 sec. 
after S had stopped the clock, and after he had 
eaten the pellet if so scheduled, he was removed 
from the apparatus and returned to his living 
cage to await the next trial. After the scheduled 
number of trials in the runway, S was given his 
daily food ration, minus the amount he had 
eaten during experimentation. 

On Day 1, Ss were given 10 pretraining trials 
with a l-min. intertrial interval and reinforce- 
ment was administered on each trial. On Day 2, 
30 acquisition trials were given with either a 
15-sec. or a 2-min. intertrial interval and with 
either 50% or 100% reinforcement, depending 


TABLE 1 


ExpertmenTAL Desion 








10-min. 60-min. 


Variables 


Spontaneous 
Recovery 


Extinction 


Spontaneous 
Recovery 


Extinction 


Spontaneous 
Recovery 


Extinction 





1S-sec. | 2-min. 


15-sec, | 2-min. 


15-sec. | 2-min 


Spontaneous 
Rec overy 


Extinction 


15-sec. | 2-min 





15-sec. acquisition 
reinforcement 
-min, acquisition 
15-sec. acquisition 
100% reinforcement 
2-min. acquisition 
n* 





3 2 


3 
3 





12 
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2 
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3 
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3 
12 





20 
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* Cell values refer to cell n's. 


Marginal values refer to 's for various rows and columns. 
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on the group to which S was assigned. On 
Day 3, 30 extinction trials were given, also with 
either a 15-sec. or 2-min. interval, followed by a 
spontaneous recovery trial after 1, 5, 10, or 
& min. of delay. The experiment, then, fol- 
lowed a 4&2 22 factorial design with 
unequal but proportional cell n’s. Table 1 
shows the design. The marginal labels indicate 
the experimental variables and the values within 
the cells indicate cell ns. 

It took approximately 20 min. elapsed time 
to complete 10 pretraining trials, about 35 min. 
for the 30 15-sec. acquisition trials, about 14-hr. 
for the 30 2-min. acquisition trials, and 35 min. 
and 1} hr., respectively, for the 15-sec. and the 
2-min. extinction trials. The spontaneous re- 
covery tests took 1, 5, 10, or 6) min. The 
possible differences in drive as a result of elapsed 
experimental times was controlled to some extent 
by starting Ss so that the deprivation period 
for Trial 15, either acquisition or extinction, was 
constant. There remained, however, a differ- 
ential deprivation time that was directly related 
to the spontaneous recovery interval. The 
maximum difference between Ss run under 
massed extinction and 1-min. spontaneous 
recovery delay and Ss run under spaced ex- 
tinction and 60-min. spontaneous recovery delay 
was about 2 hr. Since all Ss were run under 
approximately 23-hr. hunger drive and, in 
addition, had been on a restricted diet for at 
least 7 days, it is believed that the differential 
deprivation period during spontaneous recovery 
did not affect their behavior markedly. The 
nonsignificance of the interaction between ex- 
tinction intertrial intervals and spontaneous 
recovery partially justifies this belief. 

Two percentages of reinforcement (50% and 
100%) were used during acquisition, and the 
50% reinforcement was presented in two differ- 
ent patterns according to criteria stated by 
Sheffield (18). The two patterns were randomly 
assigned to the appropriate conditions and 


TABLE 2 


Summary or ANALysis oF VARIANCE 
ror Acquisition Data 


Source 


Reinforcement 

Acquisition 

Reinforcement 
acquisition 


Error 





* Significant at the 5% level. 


subsequent analysis showed no significant differ 
ence between them. 

Performance in both acquisition and extine 
tion was recorded in units of .O1 sec. Then 
medians of groups of three trials were computed 
for each S and the means of these 
transformed to common logarithms. Analyses 
of variance and covariance were then performed 
on the log scores. Each of the five points 
graphed in the figures is the mean of the logs 
of two of the median running times, and thus 
represents a block of six trials. 


medians 


RESULTS 


Acquisition.—An analysis of the 
logs of the medians for the last five 
pretraining trials showed no signifi- 
cant differences among the groups 
which were later to be treated differ- 
ently. As Table 2 indicates, the only 
significant difference in acquisition is 
due to the percentage of reinforce- 
ment. Those animals that were re- 
warded 100% of the time ran signifi- 
cantly faster than those that were 
rewarded only 50% of the time. The 
differences between the two groups 
are significant for all 30 trials and for 
the last 15 trials. The intertrial 
interval had no apparent effect on 
running time, nor was there a signifi- 
cant interaction between reinforce- 
ment percentages and intertrial in- 
tervals. 

Extinction.—The log of the mean 
of the last two three-trial medians for 
acquisition was used as a control for 
an analysis of covariance of the ex- 
tinction data. The results of this 
analysis are shown in Table 3 where it 
can be seen that running times were 
significantly affected by percentage of 
reinforcement. The group which had 
received 50% reinforcement ran faster 
than the group which had received 
100% reinforcement. 

The acquisition intertria! interval 
also had a significant effect upon the 
extinction running times. ‘Those ani- 
mals running under massed (15-sec.) 
acquisition ran faster during extinc- 
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TABLE 3 


Summary or Anatyses or Extinction Data 





Analysis of Variance 


Analysis of Covariance 





Source of Variation 





Reinforcement 

Acquisition interval 

Extinction interval 

Reinforcement X acquisition 
Reinforcement X extinction 

Acquisition X extinction 

Reinforcement X acquisition X extinction 


Error 








* Significant at the 5% level. 
** Significant at the 1% level. 


tion than did Ss who learned under 
spaced (2-min.) conditions. 

The analysis, based on all 30 ex- 
tinction trials, shows no significant 
difference as a function of massed vs. 
spaced extinction trials. If, however, 


only the last 15 trials are used, the F 
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Fic. 1, Extinction curves showing the 
relationship between log running time and 
successive blocks of extinction trials with ex- 
tinction intertrial interval as a parameter. 
Each point represents the mean of the logs of 
two three-trial medians. The 15-sec. curve is 
based on 48 Ss. The 2-min. curve is based on 
32 Ss. 
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is 4.50 which exceeds the 3.98 which 
is required for significance for 1 and 
71 df at the .05 level. The Ss, then, 
who were extinguished with spaced 
trials ran significantly faster during 
later trials than those extinguished 
with massed trials. This is shown 
quite clearly in Fig. 1. 

The nonsignificant F for the inter- 
action between percentage of rein- 
forcement and acquisition interval can 
be interpreted to mean that partial 
reinforcement has its effect independ- 
ently of the acquisition interval. 
That this may not be the whole story 
seems to be indicated by Fig. 2, in 
which the P-15? group appears to 
extinguish slower than the other 
groups. This observation is not con- 
firmed by the ¢t ratio of 1.92 between 
the P-15 and P-2 groups. The ¢ 
between the P-15 and all other groups 
combined, however, was 2.28, which 
is significant at the .03 level for 78 df. 

There was a significant interaction 
between percentage of reinforcement 
and the extinction interval. This 
interaction is interpreted to mean 


*P-15 refers to the condition of partial 
reinforcement with a 15-sec. acquisition interval. 
C-2 refers to continuous reinforcement with a 
2-min. acquisition interval; 15-15 refers to 15- 
sec. acquisition interval and 15-sec, extinction 
interval, 
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TABLE 4 


SumMARY OF ANALYSES OF 


Source of Variation 


Reinforcement 

Acquisition interval 

Extinction interval 

Spontaneous recovery time 

Reinforcement X acquisition 

Reinforcement extinction 

Reinforcement X spontaneous recovery time 

Acquisition X extinction 

Acquisition X spontaneous recovery time 

Extinction X spontaneous recovery time 

Reinforcement X acquisition X extinction 

Reinforcement X acquisition X spontaneous 
recovery time 

Reinforcement X extinction K spontaneous 
recovery time 

Acquisition X extinction X spontaneous 
recovery time 

Reinforcement X acquisition K extinction X 
spontaneous recovery time 


Error 


* Significant X the 5% level 
** Significant gt the 1% level 


that the resistance to extinction fol- 
lowing 50% reinforcement is greater 
when the extinction interval is 2 min. 
than when it is 15 sec. 

There is no significant interaction 
between and extinction 
intervals, indicating that no over-all 
statistically significant 
generalization decrement occurred. 
Figure 3, however, shows that after 
spaced acquisition, massed extinction 
intervals resulted in faster extinction 
than spaced intervals. There is very 
little difference between massed and 
spaced extinction intervals after 
massed acquisition. The triple inter- 
between percentage of rein- 
forcement, acquisition interval, and 
extinction interval also was not sig- 
nificant. 

The number of trials for each animal 
at or the median 
extinction running time (15.08 sec.) 
was determined in a manner similar 
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Fic. 3. Extinction curves showing the rela- 
tionship between log running time and successive 
blocks of extinction trials with acquisition and 
extinction intervals as parameters. Each point 
represents the mean of the logs of two three-trial 
medians. The 15-15 and 2-15 curves are based 
on 24 Ss each, and the 15-2 and 2-2 curves are 
based on 16 Ss each. 


to that reported by Sheffield (18) and 
Stanley (22), and an analysis of vari- 
ance performed on these data. There 
were no changes in significance levels 
between this analysis and the analysis 
of log-mean-median running times. 

Sponianeous recovery.—Table 4 in- 
dicates that the analysis of covariance 
of the spontaneous recovery data 
yielded only two significant F’s: The 
F of 3.83 indicates that spontaneous 
recovery is a function of the delay 
period, and lig. 4 indicates the nature 
of this function. 

The other significant F shows 
spontaneous recovery to be a function 
of the acquisition interval, the 15-sec. 
interval resulting in more spontaneous 
recovery than the 2-min. interval. 


Discussion 
Extinction 


Partial reinforcement and the acquisi- 
tion interval.—Jenkins and Stanley (10) 


cite a considerable number of experi- 
ments which present evidence, with few 
exceptions, that a partially reinforced 
response is more resistant to extinction 
than one which is continuously rein- 
forced. Sheffield, following Hull, rea- 
soned that this superiority was a func- 
tion, in part, of the intertrial interval. 
With short intertrial intervals, non- 
reinforced trials are frequently followed 
closely by reinforced trials, which have 
the effect of conditioning the response to 
cues normally present only during ex- 
tinction. If the intertrial interval is 
great, nonreinforced trials will not be 
followed closely by reinforcement and 
no superiority in resistance to extinction 
should result. Sheffield showed experi- 
mentally that this analysis held for her 
situation; a response partially reinforced 
combined with a 15-sec. intertrial in- 
terval was more resistant to extinction 
than a continuously reinforced one with 
a 15-sec. interval, but when the interval 
was increased to 15 min. the superiority 
of the partially reinforced response dis- 
appeared. 

The very significant F of Table 3 
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Fic. 4. Spontaneous recovery curve showing 
the relationship between log running time on the 


first postextinction trial and the time interval 
between the last extinction trial and the first 


postextinction trial. Each point represents the 
log running time of 20 Ss. 
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again provided support for the notion 
that a partially reinforced response is 
superior in resistance to extinction to a 
continuously reinforced one, but the 
nonsignificant interaction between rein- 
forcement and acquisition interval is 
contrary to Sheffield’s notion. It is 
apparently in agreement with a similar 
nonsignificant interaction found by 
Grant, et al. (6) in an eyelid conditioning 
study, and with a recent report by 
Weinstock (25) showing partial rein- 
forcement to increase resistance to ex- 
tinction even when a 24-hr. interval 
separates acquisition trials. Figure 2, 
however, indicates that the group that 
received partial reinforcement with 
massed intervals extinguished slower 
than the other three groups. The sig- 
nificance of this difference was only 
partially confirmed by ¢ tests. 

Table 2 also indicates that the ac- 
quisition interval significantly affects 
resistance to extinction, and Fig. 3 shows 
that it is the massed acquisition interval 
which leads to superior resistance to 
extinction. This same result was found 
by Grant ef al., and perhaps it may be 
explained by appealing to Appelzweig’s 
(2) notion that a more effortful response 
results in better learning. 

Massed vs. spaced extinction trials and 
frustration drive.-—The F for the effects of 
the extinction interval for all 30 trials 
is not significant, but it is when only the 
last 15 trials are analyzed. Figure 1 
shows that this difference between the 
massed and the spaced extinction groups 
indicates quicker extinction with massed 
trials. Theories of extinction making 
principal use of an inhibition factor have 
been considered to require that massed 
extinction trials result in quicker ex- 
tinction than spaced. Much evidence 
indicates this to be the case. Sheffield, 
however, reports 15-min. intertrial in- 
terval Ss to extinguish faster than 15-sec. 
Ss. Stanley (22), using a running-time 
measure, found confirmation for this 
position and adapted a frustration-drive 
theory of extinction to account for it. 
The present study, with an experimental 
situation patterned after Sheffield’s, 
found evidence directly contrary to hers 


but in line with previous findings. The 
only important procedural difference 
between the present study and that of 
Sheffield appears to be the length of the 
spaced intertrial interval. Her interval 
was 15 min.; the present interval was 
2 min. It may well be that the function 
relating distribution of extinction trials 
and extinction running times is not a 
monotonic one. 

A frustration-drive notion (1, 17, 22) 
typically maintains that 
tinction increases the frustration-drive 
state of the organism and that, for 
massed extinction trials, the frustration- 
produced drive does not have time to 
dissipate between trials. Massed-trial 


ordinary ex- 


Ss, therefore, run under greater drive 
than do Ss with spaced trials. 

There are a number of theoretical and 
empirical objections to such a notion, 
If frustration drive is assumed to operate 
in the same manner as D within Hull's 
theory, which is a common assumption, 


then the effect of increasing D is to 
increase the strength of all responses in 
the repertoire at the moment. If the 
“correct” response should be high in the 
hierarchy, then increasing D will increase 
it proportionately more than the others. 
If there are no considerable differences 
among responses, then increasing D will 
increase competition among responses 
and decrease the probability of any 
given response (23). At the beginning 
of extinction we can assume that the 
running response is high in the hierarchy 
of responses and therefore the frustration 
drive resulting from massed intervals 
will increase its probability of occurrence 
disproportionately to that of the others. 
Later in the extinction trials, however, 
the strength of the running response will 
decrease, by whatever assumed mech- 
anism, eliminating any large difference 
between it and competing responses. 
This means that extinction curves should 
show a _ considerable superiority for 
massed trials early in extinction and that 
this superiority should diminish and 
perhaps disappear later in extinction. 
There is no evidence for these effects in 
the curves of Sheffield and Stanley. 
Skinner (20) has shown that the ex- 
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tinction curves after periodic recondi- 
tioning are much smoother than those 
after continuous reinforcement, and he 
has characterized the postcontinuous 
reinforcement cyclic fluctuations as emo- 
tional. If this is to say that extinction 
following continuous reinforcement pro- 
duces more frustration drive than ex- 
tinction following partial reinforcement, 
then one would have to predict, other 
things being equal, that massed trials 
following continuuus reinforcement would 
lead to slower extinction than massed 
trials following partial reinforcement. 
There is no evidence for this in Sheffield’s 
data, and data from the present experi- 
ment indicate that spaced trials following 
partial reinforcement result in the most 
resistance to extinction. 

Miller and Stevenson (11) in an ex- 
periment on extinction and spontaneous 
recovery specifically observed “agitated 
behavior” which they considered to be 
an index of emotionality. They ob- 
served that on successive extinction days 
both agitated behavior and running 
times increased. In their experiment, 
emotionality as indexed by agitated be- 
havior coincided with a slowing up of 
running speed. 

It seems safe to conclude, then, that 
there is evidence that nonreinforcement 
does lead to frustration, but the evidence 
is far from conclusive that this frustration 
serves to decrease running time. 

Spontaneous recovery.—Table 4 and 
Fig. 4 present evidence on spontaneous 
recovery. Only the data from one trial 
subsequent to extinction was used in the 
analysis of covariance, and the log mean 
of the medians for the last two groups of 
three extinction trials were used for 
equating all groups at the end of ex- 
tinction. 

Spontaneous recovery did occur and 
as a function of time. The other 
significant F of Table 3 shows that post- 
extinction scores were a function of the 
acquisition interval. This finding can be 
explained on the basis that a more 
effortful response is better learned (2) 
and that spontaneous recovery is a 
function of acquisition habit strength 
(26). 


SUMMARY 


White rats were run in a 4-foot alley runway 
with running time taken as the response measure. 
Four variables were nianipulated factorially: 
15- sec. and 2-min. intertrial intervals in acquisi- 
tion, 50% and 100% reinforcement, 15-sec. and 
2-min. intervals in extinction, and 1-, 5-, 10-, 
and ()-min, delay intervals before a spontaneous 
recovery test. The results showed: 

1. During acquisition, running times were 
significantly faster for 100% reinforcement than 
for 50% reinforcement. 

2. Following 50% reinforcement, running 
times in extinction were significantly faster than 
following 100% reinforcement. 

3, The 15-sec. “massed” acquisition interval 
led to faster running times in extinction thar 
did the 2-min. “spaced” interval. 

4. The massed extinction interval led to 
significantly slower running times for the last 
15 extinction trials than did the spaced interval, 
although this difference did not attain statistical 
significance for all 30 trials. 

5. Partial reinforcement led to significantly 
greater resistance to extinction if followed by a 
spaced extinction interval than if followed by 
massed. 

6. The interaction between percentage of 
reinforcement and the acquisition interval was 
not significant. 

7, Spontaneous recovery was found to be a 
significant function of the postextinction delay 
interval. 

8. Spontaneous recovery was significantly 
greater following a massed acquisition interva! 
than « spaced. 

9. ‘The relevance >f some of these findings to 
important theoretical notions was indicated. 
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Spence (5) has proposed a three- 
level theory of discrimination learn- 
ing, namely, that response tendencies 
differentiate to elements, compounds, 
and transverse patterns of cues. In 
addition, Spence holds that a higher- 
order cue will not acquire excitatory 
tendencies toward approach in a prob- 
lem in which lower-order ones are 
differentially reinforced—a “minimum 
level” hypothesis. He says that com- 
pounding occurs “only when no one 
of the cue members is systematically 
reinforced more than the others” (5, 
p. 90). Likewise, he asserts that 
transverse patterning takes place 
“only under conditions that would not 
permit learning on the basis of a 
single reinforced component or some 
simpler type of cue-position pattern 
(e.g., the type of patterning involved 
in the successive problem)” (5, p. 92). 

The major purpose of the present 
study was to test the above “minimum 
level” hypothesis, which has been 
challenged by Bitterman (2). Table 
1 shows the habits that would be ac- 
quired in standard simultaneous and 
successive white-black discrimination 
problems if learning occurred on all 
three levels. Spence holds that the 
simultaneous problem is solved on the 
basis of color elements, and the suc- 
cessive one by means of color-position 
compounds. If so, then if the suc- 
cessive discrimination were learned 

' This study was part of a series comprising 


the “Cognition Project” under the direction of 
Professor Jerome S. Bruner. 


after simultaneous discrimination, re- 
sponse tendencies to colors would be- 
come equated; and if simultaneous 
were learned after successive, response 
tendencies to two compounds would 
become reversed. In either case, re- 
tention of the first-learned problem 
and subsequent concurrent perform- 
ance of both problems would become 
impaired or impossible. 

Another purpose of the experiment 
was to test Lawrence’s hypothesis (4) 
of acquired distinctiveness of cues by 
examining transfer from simultaneous 
to successive discrimination, and con- 
versely, varying the degree of learning 
of the first-learned problem. 


MetTuop 


Subjects.—The Ss were 32 male albino rats 
bought from the Charles River Laboratories. 
They were about 90 days old when the study 
began. 

Apparatus.—The apparatus has been de- 
scribed in detail elsewhere (1). It was a four- 
unit maze with a pair of painted gates side by 
side in‘each unit. In the simu!taneous task, the 
white gate was on the right in two units and on 
the left in the other two, in a varied order. In 
the successive task, a pair of black gates appeared 
in two units and a pair of white ones in the other 
two units, again in a varied order. Color and 
position preferences were counterbalanced. The 
negative gate in each unit was locked. 

Pretraining.—The rats were placed on a 20- 
to 22-hr. hunger drive schedule, which continued 
throughout the study. Pretraining consisted of 
a series of steps ending with a limited number of 
forced choices to counteract position preferences 
in which gray gates were used. Wet mash was 
used for reward. 

Design.—The 32 rats were divided at random 
into two equal groups. Group I learned simul- 
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TABLE 1 


Examete Suowinc Hyrorueticat Hasirs at Eacu Levert in tue Learnine of 
StmmuLTaNgous anp Successive Wuire-Briack Discriminations 





Simultaneous Condition Successive Condition 
Level of Cues 





Stimulus Unit Response Tendency Stimulus Unit 


W approach W Ww 


Response Tendency 


nondifferential 
First level: B avoid B B 


elements 


nondifferential nondifferential 


| 
| 
| 


‘ approach WL , appreach WI 

Second level : approach WR | avoid WR 
compounds ‘ avoid BL avoid BI 

avoid BR approach BR 


approach WL (or W) 
avoid BR (or B) 
avoid BL (or B) 
Third level: BL-WR approach WR (or W) 


transverse 





patterns WL-WR approach WI 
WL-WR avoid WR 
BL-BR avoid BL 
BL-BR approach BR 








taneous first and successive second, while Group by 120 and 192 trials beyond the criterion, re 
II learned successive first and simultaneous sec- spectively. More overlearning trials were given 
ond. Each main group was further divided into on the successive task since a pilot study had 
two subgroups of 8 Ss. Subgroups IA and IIA shown it to be more difficult 

learned their first problem to the criterion of two After each rat had learned its first task, it was 
successive sets of 20 correct out of 24 choices. trained on the second one, which it learned to 
Subgroups IB and IIB overlearned their first task the criterion or for 192 trials (48 runs), which- 


TABLE 2 


Exrors Unper Successive ano StmuLTaNngous Conpirions 


Simultaneous (ist Task Successive (2nd Task) 


Errore to Criterion Errors to Criterion Errors in 192 Trials 


Mean 


Mean 


10.75 


g 8R 


40.25 


28.89 


981 





34.56 





Successive (ist Task) Simultaneous (2nd Task 


17.66 21.38 
21.36 x 14.62 10.40 


19.94 | 18.00 | 10.70 
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——-—GROUP ITA 
GRovP tg 
GRove 16 








BLOCKS OF 24 TRIALS 


Fic. 1. Learning curves for 
successive discrimination. 


ever was the more. After that, all rats were re- 
trained for 24 trivls (6 runs) on the second- 
learned task and then for 24 trials (6 runs) on the 
first-learned task. 

Finally, all rats were tested in one 32-trial 
(8-run) session ior concurrent mastery of both 
types of discrimination. In each run, two 
stimulus arrar gements were of the simultaneous 
type and two of the successive type, in a re- 
stricted random order. 


REsULTs 


The successive problem was more 
dificult than the simultaneous one 
(see Table 2). Every rat in Group II 
made more errors than did the slowest 
learner in Group I. Since the two 
groups differed significantly in vari- 
ance (P < .01), the nonparametric 
Mann-Whitney test was used. The 
difference in sum of ranks was sig- 
nificant (P < .01). 

A second resu!t was positive trans- 
fer from simult. eous to successive 
discrimination (s- Table 2 and Fig. 
1). Comparing errors to criterion in 
learning the successive task, Group 
IA saved 45% and Group IB 54% as 
compared with Group II. Comparing 
errors in the first 192 trials by analysis 
of variance, Subgroups IIB and IA 
differed significantly (P < .05); so did 
IIB and IB (P < .O1), but IA and 
IB did not. 


A third result was some evidence of 


negative transfer from successive to 
simultaneous discrimination (see 
Table 2 and Fig. 2). In the following 
tests of significance, error scores were 
subjected to the square-root trans- 
formation. Comparing errors in the 
first 192 trials of the simultaneous 
task by means of analysis of variance, 
Subgroup IIA differed significantly 
from IB (P < .01); other subgroup 
differences, however, were nonsig- 
nificant. According to Fig. 2, Sub- 
groups IIA and IIB did not reach 
quite as high a level of performance as 
did IB. An analysis of variance of 
(transformed) error scores summed 
over Trials 25-192 inclusive yielded 
the following levels of significance: 
IB vs. ITA, P < 01; IB vs. IIB, 
P < Ol); and IIA vs. IIB, P > .05. 
When transferred to the successive 
task, Group I Ss initially responded 
more slowly and with more vacillation 
(as indicated by anticipatory ap- 
proaches and withdrawals) to previ- 
ously negative than to ‘previously 
positive gates. This effect was great- 
est in the initial trials (being on the 
order of several minutes difference in 
latency for some rats), disappearing 
by about the third 24+trial session. 
In retraining the rats in their sec- 
ond-learned task, 97.4% of their re- 
sponses were correct. Retention of 
the first-learned discrimination was 
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BLOCKS OF 24 TRIALS 


Fic. 2. Learning curves for 
simultaneous discrimination. 
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shown by the fact that 85.8% of the 
responses were correct in retraining. 

In the final test for concurrent 
mastery of successive and simultane- 
ous problems, 89.7% of the responses 
were correct. Of the 32 rats, 24 had 
only four or fewer errors, while 14 
had only one or zero. The mean 
per cent correct was 88.9 for the suc- 
cessive trials, and 90.6 for the simul- 
taneous ones. 


Discussion 


The results are contrary to the previ- 
ously discussed implications of Spence’s 
“minimum level” hypothesis to the 
effect that higher-order cues will not 
acquire response tendencies in a problem 
in which lower-order cues are differenti- 
ally reinforced. Retention of each first- 
learned discrimination after learning of 
the and final concurrent 
mastery of both problems imply érans- 
verse patterning from the outset. Table 1 
shows that habits at this level would ac- 
count for these results. 

As an alternative to Spence’s “mini- 
mum level” hypothesis the following 
multiordinal one is proposed: All orders 
of functional stimulus units—elements, 
compounds, transverse patterns, etc. 
concurrently acquire response tendencies. 
Which order or orders of stimulus unit 
are functional in a given problem is an 
empirical matter, depending probably on 
“structural” factors in perception, as 
emphasized by gestalt psychologists, and 
also on prior learning, such as posited by 
the hypothesis of acquired distinctive- 
ness of cues. Presumably the rate of 
differentiation of response tendencies ‘at 
the various levels would depend on the 
relative discriminability of the several 
cues. 

This multiordinal hypothesis appears 
to account for most of our results. It 
explains Group I’s differential latencies 
in the initial trials of the successive task 
on the basis of transferred responses to 
color elements, and the subsequent re- 
duction of these differences as the result 
of nondifferential reinforcement. Trans 


second one, 


verse patterning accounts for the result 
previously mentioned. Moreover, th: 
hypothesis accounts for the fact that the 
simultaneous problem was learned more 
readily than the successive one, since in 
the former differentiation of response 
tendencies would occur at all three levels 
(see Table 1), particularly at the highly 
learnable color-element level, although 
evidence (3) shows that the simultaneous 
transverse patterns were less distinctive 
than the successive ones. 

The status of compounding, however, 
is problematic. If compounding habits 
were influential, then the following 
effects, none of which occurred, would be 
predicted from Table 1: (a) negative 
transfer from simultaneous to successive 
discrimination; (4) in the initial trials of 
the successive task, Group II would have 
responded more rapidly to previously 
positive compounds than negative ones; 
and (c) pronounced interference between 
simultaneous and successive discrimina- 
tions’ during ‘ the 
mastery. 


test for concurrent 
The only evidence for com- 
pounding was Group II's negative trans 
fer, which might have been caused by 
persisting position habits acquired in the 
difficult successive task. All in all, if 
compounding occurred at all, only weak 
color-position habits developed. 

In view of the foregoing results and 
theoretical analysis, no critical evalua- 
tion of the hypothesis of acquired dis- 
tinctiveness of cues can be made on the 
basis of this study. Group I's positive 
transfer is confirmatory, and observed 
differential responses to colors may be the 


mediating responses in question. 


Over 
learning gave no significant advantage, 
although the difference was in the pre 
dicted Group II's negative 
transfer, while not confirming, might 
have been caused by other factors such 
as persisting position preferences. 


direction. 


SUMMARY 


An experiment was designed to test Spence’s 
three-level theory of discrimination learning and 
also Lawrence's hypothesis of acquired distinc 
tiveness of cues. Group I (16 rats) learned a 
simultaneous problem followed by a successive 
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one, while Group II (16 rats) learned the prob- 
lems in the converse order. Each group was 
subdivided so as to provide two degrees of learn- 
ing of its first problem. After retraining on the 
second problem and then on the first, all rats were 
tested for concurrent mastery of both problems. 

Successive was more difficult than simultane- 
ous discrimination. There was positive transfer 
from simultaneous to successive discrimination, 
but some evidence of negative transfer in the 
opposite direction. Differences between criter- 
ion and overlearning groups were nonsignificant. 
In the final test, both types of discrimination 
problem were successfully performed. 

Concurrent mastery of both problems was 
explained as transverse patterning. In contrast 
with Spence’s “minimum level” hypothesis, the 
following multiordinal one was proposed, and 
appeared to account for most of the results: All 
orders of functional stimulus unit—elements, 
compounds transverse patterns, etc.—concur- 
rently acquire response tendencies. 

In view of the results and theoretical analysis, 
the evidence pertaining to Lawrence’s hypothe- 








sis regarding acquired distinctiveness of cues did 
not permit critical evaluation of this view. 
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Early investigators, such as Bern- 
stein (1) and Wolfle (9), concerned 
with the problem of the relationship 
between the generation of a CR and 
the temporal order and disparity be- 
tween the CS and the UCS, used as 
indices of learning either the total 
number of CR’s elicited in all test 
trials given throughout training or the 
number of CR’s elicited in test trials 
given at the completion of training. 
Their conclusions were that various 
forward, simultaneous, and backward 
time relationships would produce con- 
ditioning differing only in the amount 
or strength of conditioning. 

More recently, however, the con- 
tiguity problem has been attacked 
with different emphasis. Consistent 
with the study of a learning problem 
is the study of learning curves. 
Therefore, the problem has been re- 
opened with emphasis upon the shapes 
of the acquisition curves under vari- 
ous temporal conditions. Kimble (4) 
found that .l- and .2-sec. interonset 
intervals of forward conditioning pro- 
duced extremely low incidence of con- 
ditioning, approximately equally dis- 
tributed in occurrence throughout 
training; while .3- and .4-sec. intervals 
produced the conventional negatively 
accelerated learning curves. He used 
the classical eyeblink situation. 

Spooner and Kellogg (7), using the 
instrumental finger withdrawal to 
shock, demonstrated that simultane- 
ous and backward interonset temporal 
relationships did not yield the usual 

'Now at The RAND Corporation, Santa 
Monica, California. 

* Now at The Ohio State University. 


learning function. Responses to the 
CS were predominant during the 
early test trials, diminishing in fre- 
quency during later test trials. Fitz- 
water and Reisman (2) found that the 
simultaneous and backward curves 
were not significantly different from 
their pseudo-conditioning curve. 
They substantiated the findings of 
Spooner and Kellogg in that these 
curves showed an initial rise during 
early training but the response tend- 
ency dropped to near zero incidence 
toward the end of training. 

From these studies, it seemed highly 
desirable to determine more precisely 
the minimal forward temporal inter- 
val which is capable of yielding the 
conventional, negatively accelerated, 
conditioning curve and if possible to 
determine at what temporal interval, 
longer than optimal, the conditioning 
tendency begins torecede to the pseudo- 
like function. This then constituted 
the problem herein investigated. 


Metuop 


Subjects.—Thirty male and 30 female begin 
ning psychology student volunteers were used. 
They were assigned by closed random order to 
the temporal conditions of .0 or simultaneous, 
dy p oD A, and .6 sec. of forward tempora! 
interonset interval. 

Apparatus.—In all groups the instrumental 
finger-withdrawal-to-shock situation was used 
\ 1024-cycle tone about 40 db. above threshold 
was presented to S, through headphones, as the 
CS. 

The UCS, a @-cycle AC shock, was adjusted 
to the minimal intensity necessary for the con 
sistent withdrawal of the finger from a micro 
switch lever electrode. 

Stimuli were controlled by means of an elec 
tronic timing apparatus readily adjustable to the 


different modes of presentation. A chronometer 
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was started with the onset of the first stimulus 
and was stopped when S withdrew his finger. 
The S was in an adjoining room to that of E with 
two-way microphone contact between them. 
To minimize voluntary behavior Ss were pro- 
vided with reading material and were instructed 
that the experiment was designed to test the 
effects of different types of distraction upon 
reading rate and comprehension, and that they 
would be given a reading test later. Subse- 
quent questioning after the administration of the 
reading test indicated that none of the Ss were 
aware of the conditioning aspect of the study. 

Procedure.—A pretest of three tonal stimula- 
tions was given to each S to determine the original 
neutrality of the tone. If S made a finger with- 
drawal to the tone, he was excused from the 
experiment. ‘The tones were followed by several 
presentations of the shock to determine the 
minimal, consistent response level and to ac- 
custom S to this stimulus. 

The S was then given a total of 100 trials— 
80 reinforced training trials and 20 test trials 
(one randomly placed in each five trials). 

In all groups the tone was presented for .2 sec. 
and the shock was presented for .2 sec. or until 
the finger response occurred, if it was less than 
2 sec. All trials were presented at one sitting. 
Responses were counted as CR’s if they occurred 
after the onset of the CS but before an elapsed 
time of .7 sec. 


Resutts 


In order to ascertain whether or not 
an initial inequality existed between 
the groups, a chi square was run on 
the number of CR’s obtained in each 
group on the first test trial. This 
chi square was found to be 8.89 (11.07 
required for P = .05,df = 5). Itwas 
therefore concluded that the groups 
differed initially within the limits of 
chance. 

For the purpose of further analysis 
and for curve plotting the test trials 
were grouped into Trials 1-4, 5-8, 
9-12, 13-16, and 17-20. Figure 1 
shows the frequency of CR’s in each 
of the temporal groups during each 
test trial interval. 

Data for Trials 1-8, 9-20, and 1-20 
were treated by analysis of variance. 
The F ratio was found to be significant 
for all three sets of combined trials, 
with Trials 1-8 significant at the 5% 
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Fic. 1. Conditioning curves showing the 
frequency of CR’s in successive groups of four 
test trials for 10 Ss in each interonset interva! 
group. 


level (F = 2.38), Trials 9-20 sig- 
nificant at the 1% level (F = 5.99), 
and Trials 1—20 also significant at the 
1% level (F = 5.77). Each F was 
interpreted with 5 df between groups 
and 54 df within groups. 

Since F for Trials 9-20 was sig- 
nificant, individual t’s were computed 
between each possible pair of groups 
for these trials. The following six 
t’s were significant at the 1% level of 
confidence: between the .0-sec. and 
the .2-, .3-, and .4-sec. groups; and 
between the .l-sec. and the .2-, .3-, 
and .4-sec. groups. No other ¢ ap- 
proached significance at even the 5% 
level. The .6-sec.' group was neither 
significantly greater than the .0- or 
.l-sec. groups, nor was it significantly 
less than the .2-, .3-, or .4-sec. groups. 


Discussion 


The results with the simultaneous and 
the .4-sec. groups were in accord with the 
findings of previous studies, both yielding 
performance similar to that occurring in 
comparable groups of Spooner and Kel- 
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logg (7) and of Fitzwater and Reisman 
(2). 

It appears that an interonset interval 
in excess of .1 sec. is necessary in order 
to establish conditioning. Moreover, 
though further work appears necessary, 
beginning with a time interval of .6 sec., 
the amount of conditioning appears to be 
diminished. The study of longer time 
intervals should be undertaken to estab- 
lish the minimum time at which the curve 
again will approximate that of the pseudo 
or simultaneous function. 

These results generally are in agree- 
ment with those of Moeller (6) which in- 
dicated a substantial decrement in con- 
ditioning for 1.0- and 2.5-sec. intervals 
using the Féré GSR. 

Contiguity as it applies to the inter- 
onset interval between the CS and the 
UCS may be a relatively “narrow band” 
phenomenon and therefore it seems of 
utmost importance to work within the 
range of this band, which appears safely 
to extend from .2 sec. through .5 sec., 
whenever other variables are being 


investigated. 


The optimal interonset interval has 
been found to be approximately the 
same regardless of whether the reaction 
latency is short, as in the present study, 
or long, as in studies by White and 
Schlosberg (8) and Moeller (6) which 
used the GSR. It appears that stimulus 
asynchronism of from .2 to .5 sec. is nec- 
essary for conditioning and that neural 
asynchronism may be inferred as nec- 
essary at central association levels. 
Studies such as those by Harlow and 
Bromer (3) and Light and Gantt (5) 
have already demonstrated that condi- 
tioning is a central process not requiring 
the elicitation of the motor reactions 
which become elicitable. 


SUMMARY 


Six groups of 10 Ss received 80 training and 
20 interspersed test trials under the following 


CS-UCS interonset intervals: .0-, .1-, .2-, .3-, 
A- and .6-sec. Results indicated that with the 
O- and .l-sec. intervals the finger-withdrawal 
response was not conditioned to the tone. The 
conventional acquisition curve was obtained 
under intervals of .2, .3, and 4 sec. The 
.6-sec. group results showed less acquisition than 
these groups but more than the .0- and .1-sex 
groups (not significantly different from either of 
the above functions). 
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EFFECTS OF MAGNITUDE OF TEMPORAL BARRIERS, 
TYPE OF GOAL, AND PERCEPTION OF SELF 


CHARLES M. SOLLEY AND ROSS STAGNER 


University of Illinois 


Discussions of clinical psychology 
and the psychology of personality 
abound in assertions that behavior in 
experimental situations is in part a 
function of personality. A substan- 
tial number of these statements derive 
from ex post facto views of data, 
rather than from design. We report 
here an investigation in which an im- 
portant personality variable, the in- 
dividual’s perception of himself as 
“valuable,” is incorporated into an 
experimental design. 

For logical reasons (omitted here 
because of space limitations) we have 
selected barrier behavior as a suitable 
context for this purpose. It is com- 
monly asserted that the organism 
mobilizes additional energy when 
faced with a barrier, and that behavior 
at barriers often involves decreased 
efficiency in skilled tasks. Each prop- 
osition falls in an area which might 
readily be affected by personality 
variables. 

Barriers may be either spatial or 
temporal. Miller (6) has pointed to 
the need for additional research on 
nonspatial (temporal) barrier situa- 
tions. One way of studying the 
effects of temporal barriers would be 
to present S with an anagram which 
has no solution, so that S is prevented, 
with complete blockage for a fixed 
period of time, from reaching his goal 
(the solution word). By presenting 
anagrams which can be solved, then 
impossible anagrams (temporal bar- 
riers), and then more anagrams ap- 
proximately equal in difficulty to the 
pre-barrier anagrams, one can study 
the effects of barriers. In the present 
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study the authors were interested in 
the effects of magnitude of barriers, 
type of affectivity associated with 
material being used, and perception 
of “value” of self on three measures: 
(a) a cathected motivation measure 
(palmar sweating), (6) spontaneous 
comments made in the presence of the 
barriers, and (c) solution time for 
anagrams subsequent to the barriers. 


The following hypotheses were pro- 
posed for testing. (The logical rationale 
is presented by Solley [13] in detail.) 
It was first hypothesized that Ss faced 
with several insoluble anagrams would 
show an increment in palmar sweating 
(energy mobilization at a_ barrier), 
whereas Ss encountering zero insoluble 
anagrams would show a_ decrement. 
Our second hypothesis was that there 
would be an increase in solution time for 
anagrams subsequent to the temporal 
barriers. Related to this hypothesis was 
our prediction that amount of increase in 
subsequent solution times would 
partially dependent upon how “valuable’ 
S perceived himself to be, i.e., there 
would be a significant interaction be- 
tween perception of value of self and 
magnitude of barriers with respect to 
these solution times. Also with respect 
to perception of “‘value” of self was our 
fourth hypothesis that Ss who perceived 
themselves to be “‘valuable’’ would emit 
spontaneous comments with reference 
to the task at hand, while Ss who 
perceived themselves to be “nonvalu- 
able” would emit comments with refer- 
ence to “‘self.”’ 

The experimental design was prepared 
to incorporate another experimentally 
independent factor. Solution words for 
anagrams can be classified meaningfully 
as to whether they are “negative- 


be 
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affective” (e.g., “enemy’), “‘positive- 
affective” (e.g., ““‘beauty’’), or “neutral” 
(e.g., “chair”). It was hypothesized 
that in the pre-barrier phase of the 
experiment, where S would have the 
least amount of knowledge of what class 
of words he was dealing with (3), the 
order of solution time, from highest to 
lowest, would be “negative-affective,” 
“neutral,” and “positive-affective,” re- 
spectively. This constituted our fifth 
hypothesis. 

Similarly, it was thought that “neg- 
ative-affective’”’ materials would be more 
susceptible to disruption than neutral 
and “positive-affective” materials. Con- 
sequently, our sixth hypothesis was that 
there would be a significant interaction 
between magnitude of temporal barriers 
(number of insoluble anagrams) and 
“type” of goal (solution word). 

It should be pointed out that we did 
not attempt to state all possible hy- 
potheses, e.g., how palmar sweating 
operates as a joint function of perception 
of value of self and magnitude of barriers, 
since we felt there was too little empirical 
data to serve as a basis for plausible 
prediction. 


MetTHop 


Design 


There were two “phases” in the experiment. 
Phase | was the before-insoluble-anagram phase 
and Phase 2 was the after-insoluble-anagram 
phase. Three levels of temporal barriers were 
used between Phase 1 and Phase 2—either 0 
(control), 3, or 5 insoluble anagrams in succession 
with a 2-min. time limit for each anagram, 
soluble or insoluble. A given S received the 
same type of solution word in Phase 2 as in 
Phase 1. The three types of solution words 
were “positive-affective,” “neutral,” and “neg- 
ative-affective.” For a given phase we had, in 
effect, a 3-by-3 factorial design. 

Three dependent variables were analyzed. 
Palmar sweating, as measured by a fingerprint 
stain technique (2, 4, 8) was used to study 
changes in “motivation.” “Spontaneous” com- 
ments were recorded to see if they reflected how 
the S perceived himself. Finally, solution time 
for the seventh anagram—the anagram im- 
mediately following the temporal barriers—was 
analyzed to determine the effects of type of 
solution word, magnitude of temporal barriers, 
and perception of “value” of self on barrier 
behavior. 


Subjects 


Ten Ss were assigned to each independent 
cell of the design for a total of 90 Ss. Subjects 
were randomly assigned to conditions as they 
arrived at the experimental room. All Ss were 
volunteers and were undergraduates at the 
University of Illinois. No attempt was made 
to control distribution of males and females 
among the cells of the design, though a x* check 
showed no significant difference in distribution. 


Materials 


Materials used in the experiment consisted 
of (a) mimeographed copies of 20 of Osgood’s 
Semantic Differential Scales, 12 of which had 
high factor loadings on a “valuation” factor (9), 
(b) materials for a fingerprint test of palmar 
sweating, (c) anagrams typed on 3 X 5 index 
cards, (d) record sheets for recording solution 
times and S's ratings of degree of affectivity 
of solution words, and (¢) a standard electric 
timer. Since some of these materials are not 
widely known, we describe their basic features 
in more detail. 

Osgood’s Semantic Differential Scales.—These 
scales consisted of two antipodal terms with the 
numbers 1 through 7 equally spaced between 
For example, 

Good 1 2 3 4 


5 6 7 Bad 


In the study by Osgood (9), 50 such scales were 
factored, yielding three factors-—‘valuation,” 
“activity,” and “potency.” In the present 
study we were interested only in the scales 
heavily loaded on the “valuation” factor. 

Each S was given a copy of this test with 
instructions to check the number on each scale 
that he thought best described himself as an 
individual. He was also told that “4” was 
“average.” As soon as S had finished checking 
a number on each of the 20 scales, E scanned the 
protocol to make sure that each scale had one 
check. An S’s score was obtained by summing 
the numbers checked on the 12 
scales. 

As to the reliability of this measure, it may 
be noted that Osgood (9) reports that the 
reliability for ratings of abstract concepts was 
85. The present writers found a test (ad- 
ministration to class from which volunteers were 
obtained)-retest (individual experimental-situa 
tion testing) reliability of .87, the second test 
being given approximately two months later 
In the analyses to be reported here, the second 
test measure was used for categorizing Ss. 

Fingerprint Stain Test of Palmar Sweating. 
The basic history and development of this test 
have been adequately covered by Light (4). 
Briefly, the measure has received validation 


“valuation” 
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PABLE 1 


So.tution Worps ann ANAGRAMS IN THE Onver Presentep ror Eacun Tyre 
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Type of Solution Word 
~~ in Positive-Affective Neutral Negative-Affective 
Word Anagram Word Anagram Word Anagram 
1 escape cesape eight geiht enemy neemy 
2 beauty aebuty double udoble cannot nacnot 
3 truth urtth corner orener death aedth 
4 sweet ewset chair aheir afraid rfaaid 
5 sleep elsep center necter black albck 
6 dance nadce arrive rraive yellow leylow 
7 
7 desire sedire amount omaunt refuse feruse 
x music sumic trade ratde blood olbod 
9 enjoy jneoy square uqsare suffer fusfer 
10 value avue single nisgle sudden dusden 
ll accept cacept pound oupnd spirit ipsrit 
12 peace aepce count ucont storm tosrm 














through comparison of the measure of patients 
in therapy (“anxiety neurotics”) with the 
measures of “normal” people (4). It has been 
shown to decrease with therapy (4) and under 
relaxing conditions such as listening to soft 
music (2). It has also been shown to increase 
in “stress” situations (2). 

A thorough description of the chemical nature 
of the test may be found in Mowrer (8). The 
test consisted of swabbing some anhydrous 
ferrous chloride solution on the right or left 
index finger (depending on whether S was right- 
or left-handed, respectively). After the solution 
dried for 30 sec., S placed this finger on a smaii 
piece of paper, treated with tannic acid solution, 
on top of a small postal scale, holding pressure 
constant at 8 oz. for 2 min. It has been shown 
(11) that, as the finger sweats, more ferrous 
chloride is deposited on the paper, causing it. to 
darken. One then “reads,” on a densitometer 
(8), the amount of light impedance by change in 
microampere output of a photoelectric circuit 
containing a microammeter. 

The Anagram Test.—Holding frequency of 
occurrence of solution words constant at the 
second 500 most frequent printed English words 
(14), E had 10 judges pick out all “affective” 
words and indicate whether each was “negative” 
(avoidance) or “positive” (approach) in nature. 
If words were not picked as “affective,” they 
were considered “neutral.” 

Restrictions were then placed on these judged 
populations of words. Only five- or six-letter 
words were to be used. Secondly, only words 
which could not be made into other words by 
rearranging the letters were used. (In practice, 





it was impossible to check this completely. ‘The 
weaker meaning of having no alternative solution 
was used, i.e., probability near 1.00 that S would 
find no alternative solution.) 

Having made these restrictions, we drew 
random samples of 12 words from each of the 
three “type” groups. This method of sampling 
insured more generality for any conclusions that 
might be drawn concerning these populations of 
words. Having drawn our samples of words, 
we constructed anagrams by rearranging the 
first two or three letters of each word, pilot 
studies having shown that “degree of disorder” 
of letters was a major variable to be controlled. 
This procedure for building anagrams insured 
that they would be solved quite rapidly, i.e., 
usually less than 10 sec., under nonbarrier condi- 
tions. The 36 solution words and their cor- 
responding anagrams are shown in Table 1. 

The insoluble anagrams were putah, noogme, 
rookan, abnul, and scharke. Although several 
Ss remarked that these reminded them of words, 
they never found an acceptable solution. 


Instructions 


Each S was given three anagrams built from 
the words horse, bread, and clock. He was 
allowed to solve these anagrams as practice. 
The S was told that he would be allowed 2 min. 
to solve each anagram and that after that time 
the next anagram would be presented. He was 


to keep working for the entire 2 min. if necessary. 
The S was also told that E could not give him the 
answer to any anagram if he failed to solve it 
The E then 


(until the end of the experiment). 
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answered all questions pertaining directly to 
what S was to do. 


Procedure 


The S was brought into the experimental 
room and allowed to relax a few minutes while 
E took down such things as name, college, and 
major field of study. Then S filled out the 
Semantic Differential Scales. Following this, 
E gave the fingerprint stain test, telling S that 
it was a measure of how much energy he had 
available for “thinking.” The S was then given 
the instructions for the anagram test, with the 
practice anagrams. Six soluble anagrams fol- 
lowed, these being followed by either 0, 3, or 5 
insoluble anagrams depending on which barrier 
level S was assigned. Following the insoluble 
anagrams, six more soluble anagrams were 
presented one at atime. After the 12th (last) 
anagram, £ took the fingerprint measure again. 

The E recorded solution time for each ana- 
gram to the nearest .0) sec. although these time 
measures were accurate only to the nearest .1 
sec. All spontaneous comments were recorded 
as nearly verbatim as possible 


REsuLTs 


Fingerprint Measures 
Sweating 

Frequency plots of the distributions 
of meagures of initial palmar sweating 
showed no marked deviation from 
a normal distribution (though there 
was some skewness) and Bartlett’s 
test for homogeneity of variance 
yielded a nonsignificant y*. There 
were no significant F values for any 
of the analysis of variance com- 
ponents. 

A “change’’ score was then com- 
puted by subtracting initial from 
final fingerprint score. A constant 
of 20 was added to all scores to make 
them positive. For this analysis Ss 
in each cell of the design were cate- 
gorized as to whether they were above 
or below the grand median for percep- 
tion of value of self. In this way a 
high (H) and low (L) perceived- 
value-of-self dimension was added to 
the design. A x? showed no signifi- 
cant deviation from equality of num- 
ber of Ss from cell to cell on this 


of Palmar 


TABLE 2 


ANALYsIs OF VARIANCE ON CHANGES 
in Fincerrrint Measure 
or Patmar SweaTING 


J 
Mean 


— 
as 


Source 


| an] 
74.45 | 4.59 
| 21.86 | 
| 25.94 | 
63.73 
24.65 
0.20 
| 16.23 | 


Words (W) 
Barriers (B) 
Self Percept (S) 

Wx B | 


| 
| 
Square | 
| 


me Nh eS IS 


Within 


Total 


2 
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dimension.' Similar tests were made 
for all interaction cells with the same 
result. Again, assumptions of nor- 
mality and homogeneity were checked 
and found tenable with respect to 
“change” scores for palmar sweating. 
The results of the analysis of variance 
are shown in Table 2. 

Type of solution word showed no 
significant relation to change in pal- 
mar sweating, nor was the interaction 
between type of goal word and 
magnitude of barrier significant. 
However, the F between levels of 
barriers was 4.59, significant at the .0S 
level. Further, the average changes 
in palmar sweating were — 1.28, .73, 
and 1.95 (microamperes change in 
output of photoelectric circuit) for 0, 
3, and 5 insoluble anagrams, respect- 
ively. This is the order predicted by 
our first hypothesis. The control 
level did show a decrement in palmar 
sweating whereas the 3 and 5 in- 
soluble anagram levels showed in- 
crements. By t test, only the zero 
condition differs significantly from the 
other two. 


1 Since the number of cases per cell was not 
equal, the analysis was done following the 
“Method of Weighted Squares of Means” out- 
lined by Snedecor (12, pp. 293-301). It will 
be noted that Snedecor recommends this test 
when the interaction term is significant, as was 
true in the present case. 
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Although it was not stated as an 
hypothesis for this experiment, one 
might reasonably expect that S’s 
perception of his value might be re- 
lated to changes in palmar sweating. 
This was not the case. ‘Table 2 shows 
that the F value between high and low 
perception of value-of-self groups was 
not significant. One might also ex- 
pect, as an initial hunch, that there 
would be a significant interaction 
between how people perceived them- 
selves and magnitude of barrier effect. 
Again, this expectation was not con- 
firmed by the analysis of variance 
shown in Table 2. 

Perhaps the most intriguing aspects 
of changes in palmar sweating are the 
significances of the interaction be- 
tween self percept and type of word 
(P = .05) and the interaction between 
self percept, type of word, and 
magnitude of barrier (P = .O1). 

Figure 1 summarizes these inter- 
actions in graphical form. In the 
middle portion of Fig. 1 it can be seen 


HIGH VALUE «¢—e 
LOW VALUE o---0 


NEUTRAL 


MEAN CHANGE IN FINGERPRINT DENSITY 
(MICROAMPERES) 
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that “‘negative-affective’ materials 
produce opposite results for Ss with 
high and low self-value percepts. 
The Ss who perceive themselves as 
low in value show marked increases in 
palmar sweating with increases in 
number of insoluble anagrams, 
whereas Ss who perceive themselves 
as high in value show a slight decre- 
ment. For “neutral” and “positive- 
affective” materials, both classes of 
Ss tend to react alike, although Ss 
with low self-value percepts tend to 
show less increase in palmar sweating 
with increased magnitudes of barriers. 
These results will be more fully dis- 
cussed later. 


Solution-Time Scores 


Pre-barrier phase.—-Since the effects 
of individual words were confounded 
by having a constant order of pre- 
sentation for each S, the solution-time 
sums for the first six anagrams were 
used as scores for this phase. A log 


transformation sufficiently normalized 


POSITIVE 
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INSOLUBLE ANAGRAMS 


Relation between evaluation of self and amount of palmar sweating produced 


by 0, 3, and 5 insoluble anagrams, for neutral, positive, and negative solution words. 
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TABLE 3 


Anatysis or Variance or Loc Tora. 
Sotution Time ror Six ANAGRAMS 
Berore Barriers 


Mean 


S ce 
Sour Square 


Word type (W) 
Barriers (B) 
WxB 
Within 


0354 0.38 
0965 1.04 
0928 


ORS | 6.56** 
: | 
| 


Total 
—~-P = O1 


the distributions of these scores and 
Bartlett’s test for homogeneity yielded 
a nonsignificant x*. The results of 
the analysis of variance for this phase 
are shown in Table 3. 

The F, with respect to barriers, was 
nonsignificant, as one would expect 
since at this point this variable had 
not been operative. Similarly, the 
interaction between barrier level and 
type of solution word was nonsignifi- 
cant. However, as predicted in Hy- 
pothesis 5, there was a significant 
difference between types of solution 
word (P = Ol). The order of the 
mean log solution times from longest 
to shortest was “negative-affective”’ 
(1.62), “‘neutral” (1.36), and “‘posi- 
tive-affective” (1.33). Since controls 
had been taken to equate these types 
of words as to frequency of occurrence 
in printed English, length of word, 
and “degree of disorder” of the letters 
of the anagram, and since “random” 
samples were drawn from the judged 
populations of these words, it seems 
reasonable to conclude that this 
significant difference was due to the 
direction of the affectivity of the word. 

Postbarrier phase.—Solution time 
for Anagram 7, the anagram im- 
mediately following either 0, 3, or 5 
insoluble anagrams, should be the 
most sensitive postbarrier measure of 
barrier behavior. A simple log trans- 
formation sufficiently normalized the 


distributions and Bartlett's test for 
homogeneity of variance showed no 
significant difference. The results of 
the analysis of variance on this 
measure are shown in Table 4. 

Table 4 shows no significant differ- 
ences between types of solution word, 
and no significant interaction between 
type of solution word and magnitude 
of barriers. This result means that 
our sixth hypothesis has not been 
confirmed. The most important 
measure in this analysis relates to the 
effects of number of insoluble ana- 
grams, which is significant at the .OO] 
level. The mean log solution times 
for the seventh anagram were .5545, 
1.5307, and 1.5136 for 0, 3, and § 
insoluble anagrams, respectively. For 
as compared with either 3 or 5, the 
t test is significant at the .O1 level. 
The difference between 3 and 5 is not 
significant 


Analyses with Respect to Perception of 
Value of Self 


Since perception of value of self can 
be considered an index of perceived 
homeostatic efficiency in adaptation 
to stress situation, this variable was 
also included in the analysis of solu- 
tion time scores for Anagram 7. The 
Ss were categorized as to whether 


TABLE 4 


VARIANCE OF 
ror Seventu 


ANALYSIS OF Loc Soiution 


‘Time ANAGRAM 


Mean 


Square 


Source 


Barriers (B) 5.2093 |17.59°°* 
Word type (W) 7399 

Self percept (S) 0050 

Bx W 2354 

BxsS 5052 | 18.92°** 
Wxs 1323 AS 
BxWxs 1065 Vv, 
Within 2962 


Total 


“PP = OO 
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they were above or below the grand 
median “‘self-value”’ score and, again, 
x’ tests of deviation from equality of 
frequencies in different cells of the 
design were made and found non- 
significant. 

The results of the analysis of vari- 
ance with respect to this variable and 
its interaction with other dimensions 
of the basic design are also shown in 
Table 4. Although there was no over- 
all significant difference in log solution 
times for Ss with high and low self- 
value percepts, the interaction be- 
tween high-low perception of value 
of self and magnitude of barriers was 
significant at the .OO1 level of sig- 
nificance. Thus, we conclude that 
Hypothesis 3 was confirmed. 

Hypothesis 4, that Ss with high 
self-value percepts would emit spon- 
taneous comments with reference to 
the task, whereas Ss with low self- 
value percepts would. emit comments 
with reference to self, was next tested. 
Thirty-five Ss made comments in the 
presence of the insoluble anagrams. 
Three judges independently classified 
these comments, all three judges 
agreeing on the classification of 34 of 
the 35 protocols. ‘These 34 were then 
analyzed. ‘Two-by-two contingency 
tables—high-low self-value percepts 
by word-self comment orientation 
were set up for each cell of the original 
design. Fisher’s (1) exact method 
was used to calculate a pooled exact ,’. 
This procedure yielded a x* of 22.72, 
12 df, significant at the .02 level. As 
predicted, Ss who perceived them- 
selves as highly valuable made more 
comments such as “Is this a word? 
Is it English?”, whereas Ss who per- 
ceived themselves to be less valuable 
made more comments such as “I must 
be stupid.” 


Discussion 


Our first hypothesis predicted an in- 
crease in motivation (energy mobilization 
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as measured by palmar sweating) upon 
encountering a temporal barrier. Our 
results substantiated this prediction. 
To the extent that this result can be 
generalized to other situations, this 
means that an increase in motivation of 
the organism is probably a significant 
parameter of the barrier situation. It 
might be noted that Wright (15) found 
similar results in quite different types of 
barrier situations—thus lending addi- 
tional support to such a generalization. 

The exact consequences of such an 
increase in motivation stimulus intensity 
would be dependent upon other operating 
factors. For example, in the present 
study a severely restricted external en- 
vironment was presented, reducing the 
possibility of increased sampling of ex- 
ternal environmental stimulus sources. 
This restriction could only lead to an 
increase in scanning of previously es- 


tablished perceptual groupings (13). In 


other experiments where such a restric- 
tion was not present in the design, one 
might 
results. 

Speculations are defensible concerning 


obtain considerably different 


the empirical result that high and low 
self-value percepts interacted  signifi- 
cantly with type of affectivity of ma- 
terials with respect to changes in palmar 
sweating. Here we observed that Ss 
with low-value self percepts showed 
marked increases in palmar sweating 
when working, under barrier conditions, 
with ‘“negative-affective’” materials, 
whereas Ss with high-value self percept 
showed a decrease (Fig. 1). It was also 
noted that Ss with low-value percepts 
were more susceptible to increases in 
palmar sweating under barriers. We 
may speculate as to the reasons for these 
results as follows. 

In the developmental, or learning, 
process, individuals associate stimulus 
cues with barrier conditions. An in- 
dividual may continue reacting primarily 
to the goal, or he may begin operating in 
terms of the associated or cathected- 
motivation stimulus cues. The indi 
vidual who perceives himself as low in 
value is probably reacting largely to the 
barrier or “stress” component of our 
experiment, whereas the individual who 
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perceives himself to be valuable is react- 
ing more to the cues relevant to identify- 
ing the solution words. Admittedly this 
is speculation, but it is a type of specula- 
tion which is amenable to future experi- 
mental testing. 
The change in 
function 


solution time as a 
of encountering a_ temporal 
barrier was taken to be an indirect index 
of an increase in scanning of alternative, 
previously learned perceptual groupings 
at S’s command. The increase in moti- 
vational intensity is accompanied by 
physiological changes (energy mobiliza- 
tion, palmar sweating). These changes 
feed back proprioceptive stimuli to the 
central nervous system. Inasmuch as 
perceptual groupings can be considered 
as a sampling of the total influx of 
stimuli at a given time, the efficiency 
decrement may be treated as an inter- 
ference effect derived from these afferent 
impulses. To the extent that these 
stimuli have been cued to perceptions of 
words, these words would be “wrong” 
in terms of the demands of the experi- 
ment. By greatly increasing the total 
number of solution words to be con- 
sidered, this process reduces the prob- 
ability of locating the correct solution 
word. Thus delay in reporting the 
“correct” word is a plausible outcome. 
The results of our experiment confirmed 
this prediction of an increase in solution 
time as function of the occurrence of 
temporal barriers. This result involved 
a “‘mean”’ prediction for it was recognized 
that how the individual perceived him- 
self would determine his relative 
ruption. 

It is hypothesized that perception of 
value of self is an index of homeostatic 
efficiency of behavior in that it indicates 
an individual’s past success in com 
pensating efficiently for delay in goal- 
reaching. Analogically (for the present) 
we may speak of the individual perceiv 
ing himself as a tool, making possible 


dis- 


speedy or slow solution to problems. 
Probably such arise, 
genetically, as a consequence of success 
ful dealings with barriers. 
types of mechanism (not 
discontinuous) appear to operate when 
the person encounters a barrier. Either 


self perc eptions 


Two basic 


necessarily 


he goes “out of the field’ (consequently 
decreasing efficiency) or he attends more 
closely to the task at hand. Support of 
this interpretation was found in the 
analysis of “spontaneous” comments 
made while the insoluble anagrams were 
present. Our Ss who perceived them- 
selves to be “high” in valuation made 
task or word-oriented comments, while 
Ss who perceived themselves to be less 
valuable made more self-oriented com- 
ments, showing that they were no longer 
attending closely to the task. For them, 
cues deriving from somatic processes 
may have been dominant. 

With respect to solution times for 
anagrams as a function of direction of 
affectivity, our results showed that 
“negative-affective’” (avoidance) type 
words took the longest to solve, “neutral” 
words were intermediate, and “‘positive- 
affective” words shortest. Al- 
though, strictly speaking, solving an 
anagram is not the same as seeing a word 
presented tachistoscopically (as in visual 
threshold experiments), there is a great 
deal of functional similarity. For § to 
solve the anagram the solution word 
must somehow be represented at thresh 
old value. The 
morial”” rather 
threshold is logically involved. 
When word is presented 
visually at threshold value, then S§ re 
ports it. 


were 


presentation is “‘me- 
than 
still 


the solution 


sensory, but a 


The same is true of anagrams. 
Rather than postulating some mech- 
anism such as “perceptual defense’’ (5) 
which seems to entail S’s perceiving the 
word but withholding it, the present 
study assumes that § has learned avoid 
ance values for certain classes of 
words and approach sign values for other 
classes. It is these approach and avoid- 
characteristics which determine 
speed of “seeing” the solution word 


sign 


ance 


SUMMARY 

An experiment nvolving temporal barriers 
was designed. Three levels of temporal barriers 
4), 3, and 5 insoluble anagrams 
were 


nm succession 


yt vals 


“neutral,” and “positive 


three classes of word 


affective,” 


used with 
‘negative 
affective” solution words of anagrams 

a 3X3 factorial Whether S 


“*h gh” or valuation of 


to form 
had a 


self was hy 


design 
“ ” 
low 
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pothesized as an important determinant of 
barrier behavior. The results 
marized as follows: 


may be sum- 

1. Motivational intensity, as measured by 
increases in palmar sweating, increases with 
increases in barrier magnitude; however, only 
the differences between occurrence and non- 
occurrence of a barrier are statistically reliable. 

2. The direction and magnitude of motivation 
changes are joint functions of perception of value 
of self, magnitude of barrier, and type of 
affectivity of materials. 

3. The interaction between perceived value 
of self and magnitude of barriers, with respect to 
solution time for anagrams, is 
significant, meaning that barrier behavior varies 
in part according to how valuable the individual 
perceives himself to be. 


postbarrier 


4. There is a disruption of average efficiency 


in solving anagrams with occurrence of a tem 
poral barrier. 

5. The Ss who perceive themselves as valu 
able make task- or word-oriented spontaneous 
comments in the presence of barriers, whereas Ss 
who perceive themselves as less valuable make 
more self-oriented comments. 
6. The sign of affectivity 
negative 


positive, neutral, 
of goal word is important 
determinant of efficiency in solving anagrams 
under nonbarrier conditions. 


or an 
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THE ESTIMATION OF LOUDNESS BY 
UNPRACTICED OBSERVERS! 


S. S. STEVENS AND 


Psycho 


The relation between subjective 
loudness and the physical intensity of 
the stimulating tone been in- 
vestigated by a wide variety of meth- 
ods yielding a wide variety of results 
(3, 6). The decibel change in the 
stimulus required to produce a 2:1 
ratio in apparent loudness has been 
shown to cover a range of the order of 
20 db. Many factors seem to influ- 
ence the judgment of O when he 
attempts relative loud- 
nesses in a quantitative manner, and 
the instability of these judgments has 
led some workers to despair of being 
able to specify a loudness scale that 
will prove valid for a typical listener. 
Others prefer to that the 
difficulties encountered in loudness 
judgments serve only to enhance the 
interest of the problem, and that by 
discovering the sources of the per- 


has 


to estimate 


believe 


turbations in loudness estimations it 
may prove possible to eliminate or 
control The work reported 
here undertaken in this latter 
spirit. 

The judgment of loudness ratios is 
at best a delicate, difficult business 
and many of the experimental tech- 
niques that have been applied to the 
problem have been with 
sources of potential Biases 


them. 
was 


loaded 
error. 


was carried out under Con 
tract N5ori-76 between Harvard University and 
the Office of Naval Research, U. S. Navy 
(Project NR142-201, Report PNR-163). Re 


production for any purpose of the lt 


! This researct 


S$. Govern 
ment is permitted. We are indebted to W. 5S. 
Verplanck, E. G. Heinemann, and M. J. Mos 
kowitz who kindly arranged for their students 
to serve as Os. 

* Now returned to the Applied Psychology 
Research Unit, Cambridge, England. 


E. C. POULTON * 


Acoustic Laboratory, Harvard University 


seem to creep in whenever an unwary 
experimenter subjects a listener to 
subtle suggestion by 


word, by 
cedure, or even by the nature of the 
It is our belief that many 
of these biases can be identified and 
eliminated and that, within the limits 
of normal human variability, a rep- 


pro- 


apparatus. 


resentative loudness scale can be 
constructed 

We present evidence that 65 un- 
practiced Os, on their first judgments, 
were able to produce consistent de- 
terminations of loudness ratios under 
two different procedures: a method of 
adjustment and a method of magni- 
tude estimation. 


two of 


These methods are 
tried to 
explore in the course of a larger pro- 
gram in which we have sought to 
detect and isolate some of the factors 
that influence loudness judgments. 
They are good methods in that they 
are potentially capable of leaving O 
free of all constraints other than those 
imposed by the stimuli themselves, 
but in practice both methods have 
potential sources of distortion that 


several we have 


need to be discovered and controlled. 

An unconstrained O is, of course, an 
absolute necessity. Garner (1) de- 
monstrated how constraints 
can results of 


nicely 
the 
when he 


loudness 
showed that 
under the method of constant stimuli 
the value called “half as loud”’ can be 
shifted as much as 20 db by controlling 
the the 
presented to O. The effects of most 
constraints and biasing factors are not 
so dramatic as this, but they may 
nevertheless be important. 


twist 
experiments 


range of variable stimuli 





72 S. §. STEVENS AND E. C. POULTON 


Garner proved that loudness ex- 
periments can be designed in such a 
way that context is highly controlling. 
The same has been shown by Stevens, 
Rogers, and Herrnstein (8). In our 
present experiments, by limiting our 
concern to first trials, we try to 
minimize context and thereby permit 
O to make a judgment that is rela- 
tively free of this particular influence. 

Observers.—A total of 76 Os (36 men and 40 
women) were used in these experiments. Most 
of them were students at Harvard or Radcliffe. 
None of them had previously made loudness 
judgments and all were ignorant of the purpose 
of the experiments. For the experiments using 
the method of adjustment, 44 Os were divided 
into four groups of 11 Os. For the magnitude 


estimations, 32 Os were divided into four groups 
of eight Os. 


Experiment I: ATTENUATOR 
CoMPARISON 


In Exp. I we try to evaluate (a) bias 
introduced into the method of adjust- 
ment by the characteristics of the de- 
vice used by O, and (b) effect of certain 


procedural details on adjustments to 


loudness. The data cited are drawn 
from a larger experiment of rather com- 
plicated design in which an attempt 
was made to sample several variables. 
Only the relevant parts are presented 
here. 


Method 


Apparatus and procedure.—The output of a 
1000-cycle oscillator was led to two push-type 
switches. The left-hand switch presented the 
standard loudness (about 90 db re .0002 dyne/ 
em*) and the right-hand switch presented the 
variable loudness. After passing through a 
narrow 1000-cycle filter (General Radio 830-R) 
the tone was presented to O binaurally through 
a pair of PDR-8 earphones in sponge-Neoprene 
cushions (MX-41/AR). The O varied the 
loudness by means of either a decibel attenuator 
or a “sone potentiometer.” This sone po- 
tentiometer consisted of two tapered units 
(General Radio 371-T) connected as shown in 
Fig. 1. The decibel attenuator provided 120 
l-db steps in its 360° rotation. It had no 
detents. The relation between the position of 
the knobs of these two controls and the at- 
tenuations produced is also shown in Fig. 1. 


The purpose of the sone potentiometer is 
simply to provide O with a control whose position 
is more nearly proportional to loudness than 
is the position of the control on a conventional 
decibel attenuator. Unlike the decibel at- 
tenuator, equal increments of rotation of the 
sone potentiometer sound approximately like 
equal increments in loudness. Actually this 
particular potentiometer departs from the ideal 
control in the same direction as the decibel at- 
tenuator, but it is certainly a better approxima- 
tion of the ideal. 

With the variable controls set for zero at- 
tenuation, the maximum level of the variable 
tone was 4 db higher than that of the standard. 

Each O made two adjustments to half loud- 
ness per week for two weeks. Group I used the 
decibel attenuator the first week and the sone 
potentiometer the second week, while Group II 
used the sone potentiometer the first week and 
the decibel attenuator the second week. Five 
Os in Group I and six in Group II started with 
the attenuator set at 94 db both wecks, and then 
made a second adjustment with the attenuator 
preset near threshold. The remaining Os 
started with the reverse settings. When com- 
paring the standard and variable, O was told to 
listen first to the standard for about 1 sec., then 
to pause for about | sec., and finally to listen to 
the variable for about 1 sec. 

The treatment of the two groups differed in 
two other respects. First, the absolute threshold 
of Group I but not of Group II was measured 
before adjustments to half loudness on both 
weeks. When the threshold was measured, the 
attenuator was preset at 94 db, so that O had 
to turn the attenuator knob all the way down 
to threshold. The other difference was that on 
both weeks Group II had to approach the final 
setting by bracketing, whereas Group I was not 
permitted to bracket. The E checked that Os 
in Group II listened alternately to louder and 
softer tones before settling on the point of half 
loudness. ‘The Os in Group I had to start again 
from the extreme attenuator position whenever 
they overshot the point of } loudness and tried 
to return. 

These two different treatments (thresholds 


and bracketing) were held constant during the 


comparison of the two types of attenuator. 
They were afterwards changed in some ex- 
ploratory sessions devoted to other problems. 
Problems of averaging.—Group means were 
calculated in decibels in the traditional way. 
But since O was actually judging loudness and 
not decibels, the means have also been calculated 
by first converting each decibel reading into 
units of loudness and reconverting the means of 
these units into decibels. We call this average 
the “sone average.” Its rationale (5) is prin- 
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ATTENUATION IN DECIBELS 


Fic. 1. 


Diagram and attenuation characteristic of the “sone potentiometer.” 


With this poten- 


tiometer in the circuit, the loudness O hears is roughly proportional to the position of the control 


knob. 


cipally that it undoes some of the skewness that 
is virtually inevitable in the decibel measures. 
That this is so is shown by the fact that the sone 
averages tend to be closer to the medians than 
are the decibel averages. Improper averaging 
has been a source of bias in the treatment of the 
results of many loudness experiments. 
The transformation used to get 
averages was L = k]*™, where L is loudness, 
k is a constant and / is acoustic intensity 
(power). In choosing this transformation we 
deliberately The 
formula represents a loudness scale on which a 
12-db reduction corresponds to half loudness. 


the sone 


were being conservative. 


Separate tests of significance were performed 
The significance levels 
It is 
a nice question which, if either, of these two 
sets of averages is suitable for tests of significance. 


on both sets of averages. 
quoted are always the more conservative. 


Results and Discussion 


The results are shown in Table 1. 
On both weeks Group I required more 
attenuation for 4 loudness than did 
Group II. This we believe is at- 


The attenuation characteristic of the decibel attenuator is also shown. 


tributable principally to the fact that 
for Group I a threshold measurement 
was made at the beginning of each 
session. We note, however, that al- 
though the two groups were treated 
rather differently, they both required 
less attenuation with the po- 
tentiometer than with the decibel at- 
tenuator. Combining the sone aver- 
ages of the two groups for the two 
weeks, we find that the decibel at- 
tenuator gave 13.3 db attenuation for 


sone 


} loudness, and the sone potentiometer 


gave 10.6 db. This difference of 2.7 
db is significant at the .OO1 level. 
Bias due to attenuator.—The 2.7-db 
difference in the attenuation 
average) required for 4 loudness, 
which was produced simply by chang- 
ing attenuators between Weeks | and 
2, suggests that these inexperienced 
Os were influenced by the character- 


(sone 
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TABLE 1 


Arrenvator Comparis ~* 


Group I 


Type of Average 
, . Week 1 
(Decibel at- 
tenuator) 


Decibel average 
Sone average 


Median 


* Entries show the decibel reductions required to produce § loudness 
Week 2, p = OS with a one-tailed test 


** Week | 


“* Week 1-—-Week 2, p = .OO1 


istic of the attenuator they used. 
When the relation between the turn of 
the knob and the change in loudness 
produced is extremely nonlinear, O 
seems unable completely to discount 
the fact. Being at best uncertain of 
his initial judgments, he perhaps tends 
to assume that } 
where 


loudness is some- 
halfway down toward 
threshold on the control he uses. If 
this tendency exists, the adjustments 
with the decibel attenuator would 
tend to exaggerate the attenuation 
required for half loudness. This is 
what appears to have happened. On 
the other hand, the mean attenuation 
required for half loudness with the 
decibel attenuator on the first week 
was only 14.5 db (Table 1, Group I), 
which is nowhere near the 40 db that 
would have been required if knob 
position were the sole controlling 
factor. Loudness as it sounded to O 
was clearly the principal determinant 
of the adjustments—even with the 
decibel control. 


near 


ideal potentiometer 


In devising an 
control for an experiment of this sort, we 
might in principle resort to a kind of 


successive approximation. Beginning 
with any arbitrary attenuator, we might 
find the loudness function it yields, and 
proceed to use this information to design 
an improved control, which we would 
then test and improve in successive 
stages. We have approximated this 
procedure in the present experiment. 


’ 


(Sone poten 


Group Il 


Week 2 Week 1 
(Sone poten 


tiometer) 


Week 2 
(Decibel at- 


tiometer) tenuator) 


I * 93 
] ° KY 
! K4 


Each group contained 11 Os 


Thus on the first week the Os of Group I, 
who used the decibel attenuator, gave a 
mean attenuation of 14.5 db. The sone 
potentiometer, which attenuates about 
14 db at its midpoint of turn, corresponds 
therefore to this loudness-decibel rela- 
tion. With the sone potentiometer, a 
new group of unpracticed Os gave a mean 
attenuation of 8.9 db for half loudness 
(Group II on Week 1 in Table 1). This 
result may still have been biased by the 
characteristic of the potentiometer, and 
ideally another potentiometer should be 
designed with a midpoint of turn provid 
ing about 9 db attenuation. This new 
contro! should then be used on another 
group of unpracticed Os. It seems 
unlikely, however, that the results would 
be greatly affected by carrying this 
process so far. Presumably the effect 
of improving the potentiometer becomes 
negligible as the ideal is approached. 

The precaution of using a new group 
of unpracticed Os whenever the potenti- 
ometer is revised may or may not be 
necessary. In favor of it is the argument 
that Os who have settled on their cri- 
terion of half loudness while using one 
control may carry this criterion into 
succeeding experiments. In certain 
other experiments (8) we have occa- 
sionally obtained evidence of such carry- 
over. We have also obtained evidence 
that the type of attenuator used may 
exert only a slight influence on the ad- 
justments made by highly experienced 
Os. 

Other considerations—The Os of 
Groups I and II were subsequently em- 
ployed in some additional experiments 
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that gave incidental evidence on certain 
procedural matters. 

Effects due to “adaptation level” seem 
to be relatively minor in loudness judg- 
ments, but they certainly must be con- 
sidered, and if possible they should be 
either counterbalanced or eliminated. 
In this and other experiments we find 
evidence, for that when O 
listens for a period to very faint levels, as 
in the course of setting a tone to his 
absolute threshold, his subsequent set- 


example, 


tings to loudness are lower than they 
would otherwise be. It seems reason- 
able to that if we want to 
determine the typical quantitative es- 


conclude 


timates of relative loudness for a group 
of Ss, we should not force them to focus 
their artention on one particular loudness 
leve! immediately before they are pre- 
sented with * very different level. 

In the m-:! 
seems highly 


d of adjustment it also 

rable to that O 
approach his tinal setting by successive 
approximations (bracketing). For ex- 
ample, the effect of the position of the 
control when O starts his adjustment is 
greater when bracketing is eliminated 
than when it is insisted upon. 

Even with bracketing, however, the 
starting position on the control presents 
acertain problem. Although we tried to 
solve this problem by starting with the 


insist 


variable set alternately at each of two 
extremes (4 db higher than the standard 
and near threshold), we do not advocate 
this procedure. We believe that a better 
rule is for the experimenter to set the 
starting position of the variable stimulus 
in a random manner at various distances 
above and below the average position at 
which the Os make their final settings. 
This procedure appears to have worked 
well in an experiment on the halving and 
doubling of the loudness of white noise 
(2). 

It should also be pointed out that, in 
using the sone potentiometer, O should 
not be required to make settings near the 
low end of its range where a very small 
turn of the knob is sufficient to halve the 
apparent The control be- 
comes too coarse in this region. <A good 
working rule is to set the levels so that O 


loudness. 
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can use the upper three-quarters of the 
potentiometer range. 


EXPERIMENT II]: FRACTIONAL 
LOUDNESSES 


This suudy was performed to deter- 
mine the extent to which the first 
loudness adjustments of unpracticed 
Os using the sone potentiometer are 
consistent with the assumption that 
on the average the Os use a common 
scale of subjective loudness. 


Method 


The apparatus and procedure were the same 
as for Group II on the first week of the previous 
First, the 
11 Os in Group III made their two adjustments 
to : loudness, the 11 Os in Gsroup IV made their 
\n | secondly ; 
followed at once by a 
adjustment to 4 loudness, and then an 
adjustment to ; loudness for Crroup Ill, and to 
for Group I\ Thes additional 
adjustments started with the sone potentiometer 


middle of its 


experiment, except in two respects 


two adjustments to i loudness 


these adjustments were 


single 
3 loudne ss 


set at random somewhere near the 


range of movement 


Results 

The results are shown in Table 2, 
together with the results of the first 
two adjustments made by Group II 


rABLE 2 


Fracrionat Loupness* 


Attenuation in Decibels 
Loudness 


Ratio 


Type of 
Average 


Group Group 


Decibel 
Sone 
Median 


Decibel 
Sone 
Median 


Decibel 1940 
Sone 15 j 
Median 14.5 15.5 


1/4 | 
| 


* Entries show the decibel reductions required to 
produce the fractional loudnesses shown in the first 
column. Each group contained 11 Os. Italicized 
entries stand for the firet judgments made by each 
group 
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alu 
38ss 


g 
NUMERICAL ESTIMATE (LOG SCALE) 


ADJUSTMENTS 
© DB AVERAGE 
0 SONE AVERAGE 
4 MEDIAN 


R TIMAT - 
@ MEDIAN 


LOUDNESS RATIO (LOG SCALE) 


4) 
A i L 


15 0 5 0 
DECIBELS BELOW STANDARD 


Fic, 2. The unfilled points show the intensities to which O set the variable tone to make its 
loudness stand in various ratios (left-hand scale) to the loudness of the standard. Each point is 
for a group of 11 Os, each of whom made two settings—the first he had ever made. The filled 
points show the first magnitude estimations (right-hand scale) made by different groups of 8 Os 
each. Each O made one estimate. Each point is for a separate group. The straight line with a 
slope such that 10 db corresponds to 4 loudness represents a portion of the loudness scale derived 











from previous experiments. 


with the sone potentiometer in the 


previous experiment. The data for 
the first adjustments of each group 
have been entered in a log-log plot in 
Fig. 2. If loudness varies as a power 
function of intensity, the relation can 
be represented in this plot by a 
straight line. The straight line in 
Fig. 2 is actually a portion of the 
loudness scale obtained by pooling 
all the previous results in this field 
obtained by about a dozen different 
experimenters (6). Its equation is 
L = kI®*. The fact that the experi- 
mental points approximate a straight 
line in a log-log plot indicates that the 
different groups of Os were consis- 
tently using a common loudness scale 
—even on their very first judgments. 

The data for the first adjustments 


to the three fractional ratios are as 
consistent with a power-function loud- 
ness scale as are the data obtained 
when the same Os made adjustments 
to all three ratios (see Table 2). This 
finding is evidence against the hy- 
pothesis that the unpracticed O makes 
his first judgment wf loudness more or 
less at random, and then judges con- 
sistently with respect to his first 
commitment. For if this hypothesis 
were true, the first adjustments of the 
different groups of Os should have 
been about the same, whatever the 
ratio of loudness asked for. The fact 
that the data line up as well as they 
do in Fig. 2 suggests that, on the 
average, unpracticed Os in a reason- 
ably unconstrained situation make 
their first loudness judgments con- 





ESTIMATION OF 


sistent with a power-function loudness 
scale 

Actually, the slight departures of 
the adjustment data from the loudness 
function in Fig. 2 are in a direction 
consistent with the foregoing hy- 
pothesis, in the sense that the } ad- 
justment is a bit too low and the } 
adjustment is a bit too high. But the 
case for a common loudness scale is 
not necessarily weakened thereby, for 
it is reasonable to suppose that there 
is a best ratio to set as the task for O. 
Certainly such extreme ratios as 999 
and .0O1 ought to prove difficult, 
especially to an O making his first 
adjustment. We might reasonably 
expect to find that, in adjusting for a 
ratio that calls for a variable set close 
to the standard, O would tend to over- 
shoot (set too far from the standard), 
and that in adjusting for ratios far 
from the standard he would tend to 
undershoot (set too near to the 
standard). Slight deviations in these 
expected directions are what we seem 


to find in the present experiment. 


Which ratio provides the optimal task 
for O is an interesting question. Setting 
to a ratio far from the standard has the 
advantage that the results determine 
the slope of the loudness function over 
a wide range. On the other hand, when 
the ratio is such that it requires the 
variable to be set far from the standard, 
the task becomes more difficult and 
systematic biases become more evident. 
A final answer to this problem is probably 
not possible on the basis of the available 
evidence, but from the outcome of other 
experiments with more-practiced Os we 
are inclined to conclude that consistent 
determinations of the slope of the loud- 
function can be obtained from 
adjustments made at least to such ratios 
as 1/2, 1/4, 1/10. Evidence from other 
experiments also indicates that in order 
to balance out certain systematic biases 
that occur in the use of fractional ratios, 
these settings should be complemented 
by adjustments to multiple ratios, e.g., 
2, 4, and 10. 


ness 


LOUDNESS 


Experiment III: Macnirupe 
EsTIMATION 


The consistency of Os’ first judg- 
ments of loudness was also explored 
by a completely different method (7) 
in another experiment, the relevant 
parts of which are here reported. 


Method 


This method, which we call magnitude 
estimation, is a very simple procedure: O hears 
a standard tone followed by a variable tone 
The E assigns a number to the loudness of the 
standard, e.g., 100, and O assigns whatever 
number he thinks would appropriately describe 
the variable loudness. The O is in no way 
limited in his choice of numbers. The method 
has been used by one of us (SSS) for judgments 
of subjective brightness (4) and 
weight as well as for loudness. 

In the present experiment four groups of 
eight Os each judged a different variable relative 
to a common standard. 


subjective 


The apparatus was 
similar to that used in the previous experiments. 
The standard, which was called 100, had a 
sound-pressure level of about 100 db. The 
different variables were 6, 10, 20, and 40 db less 
intense than the standard 


Results 


the numbers as- 
signed to three of these variables on 
the Os’ very first trials are plotted in 
Fig. 2. 
plotting of the median estimate given 
to the variable that was 40 db below 
the standard. The median estimate 
for this stimulus wes 12. The value 
we would predict by extrapolating the 
straight line in Fig. 2 is about 6. 

The data plotted in Fig. 2 show that 
direct estimations of sensory magni- 


The medians of 


Space does not permit the 


tude are reasonably consistent with a 
power-function 
that the two methods (magnitude 
estimation and adjustment) give quite 
concordant results. 


loudness scale and 


Under the condi- 
tions of this particular experiment the 
agreement between the two methods 
appears to be especially good in the 
region of § loudness. 
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Discussion 


In the previous experiment we noted 
a slight tendency to adjust the variable 
a little too far from the standard for the 
ratio 3/4 and a little too near the stand- 
ard for the ratio 1/4. This tendency has 
its analogue in an equally slight tendency 
to assign to the variable stimuli nu- 
merical estimates that are a little large 
at the low end and a little small at the 
high end. As is evident in Fig. 2, these 
two tendencies result in deviations in 
opposite directions from the average 
loudness function, and we have here a 
suggestive example of how the evidence 
from two procedures might be combined 
to cancel out systematic errors or biases 
in each of them. 

The fact that in the experiment on 
magnitude estimation the standard in- 
tensity was about 10 db higher than it 
was in the experiment on adjustment 
may have contributed to the slightly 
flatter slope of the function determined 
by the numerical estimates. In a num- 
ber of experiments we have found that 
these stopes become flatter as the level of 
the standard js increased, but an increase 
from 90 to 100 db usually makes only a 
small difference. We might also note in 
passing that, when Os’ task is to give 
numerical estimates to loudnesses greater 
than the standard, the slope gets steeper 
instead of flatter as the of the 
standard is increased (7). 

Figure 2 suggests that the measure- 
ment of loudness is not hopeless—only 
difficult. If given a proper opportunity, 
people can make consistent quantitative 
statements about what they hear. It 
is true that such factors as context or 
adaptation level—the influence on one 
stimulus of others in the series—can be 
made to have potent effects, as Garner 
has demonstrated. But it is also true 
that we can minimize such factors in the 
experimental design. In our experiment 
there was no series of stimuli to provide 
a context, for each O heard only one com- 
parison tone. Even under these strin- 
gent circumstances, the judgments were 
clearly consistent with the assumption 
that loudness is scalable, and that the 


level 


loudness heard by the typical O in a free 
situation is a power function of intensity. 


SUMMARY 


These experiments tested the ability of 65 Os 
to make consistent quantitative judgments of 
the relative loudness of tones on their first 
trials. ‘They also explored some of the biasing 
factors that enter such experiments. The 
method of adjustment and the method of 
magnitude estimation were used. 


Conclusions 


1. In the method of adjustment it is advisable 
to use a “sone potentiometer” on which the turn 
of the knob is approximately proportional to the 
loudness produced. 

2. On his first trial an unpracticed O can 
adjust the intensity of a tone to produce an 
arbitrary loudness ratio relative to another tone. 
Each of three groups of Os adjusted the tone to 
a different loudness ratio in a consistent manner. 

3. On their first trial, different groups of Os 
can consistently make direct numerical estimates 
of the relative loudnesses produced by different 
intensities. 

4. The results for the method of adjustment 
corroborate those for the method of magnitude 
estimation, and both approximate the loudness 
scale derived from previous investigations. 
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Duke University 


Three different forms for the stimu- 
lus generalization gradient have been 
proposed: concavity (Hull, 6), 
vexity (Spence, 12) and _ linearity 
(Schlosberg and Solomon, 10). In 
the formulation of each of these pro- 
posals, however, there has been a 
tacit or explicit assumption of some 
relationship between discriminability, 
in the psychophysical sense, and the 
generalization 
sumption is 


con- 


decrement. This as- 
manifested in Hull's 
postulate that generalization gradi- 
ents are decreasing exponential func- 
tions on a j.n.d. scale, and also in 
Schlosberg and Solomon's proposal 
that gradients 
straight lines on an equal-appearing 
interval 


generalization are 


scale. Spence’s use of a 
logarithmic stimulus plot appears to 
stem from similar considerations. 
This assumption does not only ap- 
pear to be intuitively reasonable, but 
can also be shown to have a rational 
basis by comparing the dimensions of 
the difference threshold and the gen- 
eralization decrement (from which the 
generalization gradient can be derived 
by integration). The difference limen 
(DL) is ordinarily defined by the slope 


of the psychophysical function. For 
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example, 
AS 
DL = FO = 151 - to 
AS 
Ap(R) 


50) 


On the other hand, the slope of the 
generalization gradient, i.e., the gen- 
eralization 
Ap(R) 
AS 
eralization decrement should be pro- 
portional to the reciprocal of the DL. 
It is a way of saying that the organism 
generalizes to the extent that it can- 
not discriminate or that generalization 
is the inverse of discrimination. In 
essence, this proposal is a reformula- 
tion of Schlosberg 
ry pothesis (10). 


decrement, ‘s given by 


This implies that the gen- 


and Solomon's 

The foregoing analysis may be sub- 
jected io empirical verification by in- 
vestigating a continuum for which the 
discriminability function is 
For the experiment, wave 
length of light was chosen as a dimen- 
sion along which to test generalization 
because the DL for wave length 
(AA) is not constant over the spec- 
trum. By an appropriate selection of 
CS values, therefore, it should be 
possible to produce a set of gradients 
whose slopes reflect the characteristics 
of the Ad function. Where Ad is 
small, the gradient should be sharp; 
where Ad is large, the gradient should 
be relatively flat; and if the CS is 
fixed at a value where Ad is either in- 
creasing or decreasing, the generaliza- 
tion gradient should show a corre- 
sponding asymmetry. ‘This contin- 
uum is also interesting because of the 


known. 
present 








80 NORMAN GUTTMAN AND HARRY I. KALISH 


qualitative changes which occur 
within it and which would lead to the 
expectation, on the basis of subjective 
experience, that generalization would 
occur extensively within a hue but 
would decrease abruptly as the transi- 
tions between spectral hues are ap- 
proached. 

The technique of the present study, 
which utilizes the aperiodically rein- 
forced key-pecking response, permits 
an examination of the generalization 
gradients for individual Ss. More- 
over, this technique makes it possible 
to investigate the generalization gradi- 
ents at different levels of response 
strength during the course of extinc- 
tion, as well as variations in the gen- 
-eralization gradient attributable to 
individual differences in response 
strength. The obtaining of general- 
ization gradients for individual Ss in 
this experiment of an outcome of 
the fact that aperiodic reinforcement 
greatly increases resistance to extinc- 
tion, such that the introduction of a 
test stimulus fora brief interval during 
experimental extinction reduces the 
response strength by a small fraction 
of its total extent, e.g., in a 30-sec. 
test, 50 responses may be subtracted 
from a “reserve” of several thousand. 


MetTuop 


Subjects.—-The Ss were 24 experimentally 
naive pigeons maintained by restricted feeding 
to 80% of their body weight under ad libitum 
feeding. 

Apparatus.—A_ modified version of the 
Skinner automatic key-pecking apparatus was 
used. ‘The S’s compartment consisted of a ply- 
wood box 14 in. high, 12 in. wide, and 12 in. long 
and was situated in an air-conditioned, darkened, 
soundproof chamber. The roof of S’s box was 
clear Lucite and the floor was a perforated metal 
grating covered with a sheet of translucent 
plastic. The upper half of one of the walls was 
made of aluminum with a J-in. round aperture at 
the center 6.5 in. above the floor of the box. 
The S’s key, a rectangle of translucent plastic 
(Insurok) lightly sprung against the wall of the 
box, was exposed through this opening and con- 
trolled counting and reinforcing circuits. 


The magazine was situated directly below the 
key and consisted of a metal door hinged at the 
top. This door was actuated by a cam on a con- 
stant-speed motor which completed a cycle in 5 
sec. When a reinforcement was presented, the 
cam allowed the door to open abruptly, exposing 
the food and switching on a 7.5-w. lamp behind 
the food tray. The door remained open for 3.5 
sec. and then closed gradually, turning off the 
light as it shut. 

The external side of the key was illuminated 
by a 6-v., 18-amp. ribbon filament lamp whose 
beam was directed through a tunable wave- 
length filter and whose filament image was cast 
slightly out of focus on the key. The filter was a 
Cambridge Thermionic Corp. Monochromator 
(Model B). This instrument utilizes the differ- 
ential rotation of quartz crystals for various 
wave lengths to produce dispersion of the spec- 
trum. Its transmission spectrum at a given 
setting consists of a centroid of high relative 
intensity flanked symmetrically by a series of 
periodically spaced bands of lower intensity. 
Although the instrument may not be considered 
a true monochromator, it produces a stimulus 
patch of high apparent purity for the human ob- 
server. ‘The band width of the centroid increases 
linearly from 14 to 24 My over the range of set- 
tings from 450 to 640 My. The percentage 
transmission of incident light is approximately 
flat over this range, varying between 2 and 4%. 
No attempt was made to produce an equal energy 
spectrum or alternatively to equate the spec- 
trum lights in terms of the visibility function. 

Procedure.—The procedure used in the pres- 
ent study derives from the work of Skinner (11) 
and Ferster (3), and is similar to that used by 
Brush, Bush, Jenkins, Johns, and Whiting (2). 
When the Ss were reduced to 80% of their ad 
lib. weight, they were trained to eat from the 
food magazine and were conditioned by the 
method of successive approximation to peck at 
the key. The 24 Ss were divided into groups of 
6, and each group was trained on a given CS. 
The CS wave lengths were 530, 550, 580, and 
HOOMy. Fifty consecutive reinforcements were 
given on each of two days. Following this, ad- 
ditional sessions of aperiodic reinforcement were 
administered, using a mean inter-reinforcement 
interval of approximately | min. During APR, 
60-sec. stimulus-on intervals were alternated with 
10-sec. stimulus-off intervals, and 30 stimulus-on 
intervals constituted each daily training session. 
During the stimulus-on interval a shutter in the 
light path of the monochromator was opened 
and the key was illuminated with colored light. 
At the same time, the interior of S’s box was 
illuminated by a 25-w. lamp reflected through 
the translucent plastic floor, resulting in an illu- 
minance of <1.00 ft.-candle on the vertical 
walls. In the stimulus-off condition, similar to 
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TABLE 1 


GenerauizatTion Test Stimutt in My 











Group 


Oo —S30 —10 cs +10 +20 +30 +40 +50 +60 
530 470 490 500 510 520 530 540 550 SHO 570 590 
550 490 510 520 530 540 550 50) 570 580 590 610 
580 520 540 550 5H) 570 580 590 G00 G10 620 (40 
O00 530 550 560 570 580 590 OO 610 620 630 640 





the “blackout” situation used by Ferster (4), 
both the key and box illumination were termin- 
ated. The blackout condition was introduced 
to facilitate the changing of the key color during 
the stimulus generalization tests. 

Generalization testing was carried out under 
extinction and was preceded by six 30-sec. inter- 
vals of responding to the CS during which three 
reinforcements were administered. The wave 
lengths used in the generalization tests are given 
in Table 1. The 11 different stimuli were ran- 
domized within a series and 12 different random 
series were presented to each S resulting in a 
schedule of 132 stimulus presentations. Twelve 
different schedules were constructed for Ss given 
the 550 and 580 My CS’s and the same 12 
schedules were subsequently used for Ss given 
the 530 and 600 My CS’s. Each stimulus pres- 


various CS’s appear to be principally 
in terms of vertical displacement, i.e., 
total level of responding. The slopes 
of the generalization gradients, on the 
other hand, are very similar over the 
major portions of the curves and do 
not appear to conform to the expecta- 
tion of marked changes corresponding 
to the transitions between spectral 
hues. The most conspicuous illustra- 
tion of this point is the left half of the 
curve for 600 My which passes from 
orange through yellow to green. It 








490+ 
entation was 30 sec. and was followed by a 10- 
sec. stimulus-off interval. 400 + 
Following generalization testing, three addi- 
tional APR sessions were given using the original 380 + 
CS. After this a second generalization test 
identical to the first was administered. During 300 + 
both testings, the number of key pecks for each 
30-sec. test stimulus presentation was recorded, el 
=e \ 
RESULTS 
. . 6 . ‘ 190 + 
Characteristics of the generalization 
gradient.-The mean _ generalization 100 4 
gradients obtained in the first test are / 
. . + $0 
shown in the upper portion of Fig. 1. ‘ll , 
For each CS group (530, 550, 580, and 2 ———EEE 
600 My), the gradient was obtained ro / ae. ” 
by plotting the mean total number of H 
wa \ vA +30 


responses for each test stimulus against 
wave length in arithmetic units. 

It will be seen that the various gen- 
eralization gradients have highly 


aa (ue) 


A / 
10+ ; hom / 
\ ™ / 
j / 
| / ,'e 


A 
comparable forms. On either side DC 
of the CS, the rate of responding de- Ree eS 
clines first in a nearly linear fashion, ' age 
and as the rate approaches zero, the Fic. 1. Upper: Mean generalization gradi- 


curves become negatively accelerated. 
The differences among the curves for 


ents, first test. Lower: Hue discrimination as a 
function of wave length for pigeons (adapted 
from [S]), and humans (adapted from [1)). 
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exhibits approximately the same 
changes in slope as the other curves 
which do not pass through as many 
hues. 

The similarity among the slopes of 
the curves is further substantiated by 
tests of trend (Type I analysis of vari- 
ance [7]}) for the right and left halves 
of the gradients separately. For the 
left half of all gradients, over the 
stimulus range from the CS to —40 
Muy} the interaction between wave- 
length of test stimuli and CS groups 
was not significant (F = 1.02; 12, 80 
df), indicating that the hypothesis of 
parallel slope cannot be rejected over 
this range. For the right side of these 
gradients, over the stimulus range 
from the CS to +40 Mg, the inter- 
action was significant beyond the .1% 
level (F = 3,84; 12, 80 df). A fur- 
ther analysis of the differences in slope 
between pairs of gradients on the 
right side revealed that the interaction 
previously obtained resulted from a 
slope difference between the 690 and 
580 Mu CS groups (F = 5.10; 4, 40 
df; P < .0O5). The other slope differ- 
ences on the right side were not statis- 
tically significant. 

Evidence for differences in vertical 
displacement of the gradients was also 
furnished by the Type I analysis of 
variance used to test slope. The F 
obtained for the mean differences in 
rate of responding for the left sides of 
the gradient is 5.55 (3, 20 df) which is 
significant beyond the 1% level. The 
corresponding F for the right sides is 
2.80 (3, 20 df) which is significant 
between the 5 and 10% levels. The 
mean differences on the right side are 
presumably reduced by the interaction 
involving the 600 and 580 Mu CS 
groups. 

The lower portion of Fig. 1 presents 
the spectral difference threshold (AA 
_= f(d)) for both pigeons (5) and 
humans (1) adjusted to the same ap- 
proximate ordinates. The functions 


for the two species appear to be 
highly similar with minima and max- 
ima at approximately the sam¢ wave 
lengths. Three characteristics of the 
Ad function might be reflected in the 
generalization gradients. The first 
is the absolute value of AA which 
determines the jnd interval between 
any two values on the continuum, 
and hence might be related to the 
slope of the gradient. The other two 
characteristics are the first and second 
derivatives of AX with respect to A, 
which might be related to rate of 
change of curvature. For the pur- 
pose of the present analysis, we shall 
be concerned mainly with the absolute 
value of AX. 

In terms of the discriminability 
function for the pigeon, the general- 
ization gradients for CS values of 530 
and 580 My should be relatively sym- 
metrical. For values near the CS, 
however, the gradient for 580 MA 
should be steeper than for any other 
CS. The gradients centered at 550 
and 600 Muy should be asymmetrical, 
with 550 My being steeper in the 
direction of increasing wave length, 
and vice versa in the case of 600 My. 

In general, these expectations are 
not borne out. Figure 1 and the pre- 
ceding statistical analyses of slope 
differences suggest that for the most 
part the gradients are of uniform slope. 
The major exceptions to uniformity 
of slope are the relative steepness 
of the 600 My gradient and the flat- 
ness of the 580 My gradient, both 
of which features are in the direction 
contrary to the hypothesis based on 
the Ad function. 

The bidirectional symmetry of the 
gradients was examined by means of 
separate analyses of variance (A X 
B XS [7]) for each CS group. In 
effect, one side of the gradient was 
superimposed on the other and a 
test of trend difference was obtained 


from the A X B (Right-Left Sides 
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Fic. 2. Mean generalization gradients, 


second test. 


X Test Stimuli) interaction. The 
values entering into this analysis were 
obtained by subtracting response rate 
for each test stimulus from the re- 
sponse rate atthe CS. The hypothe- 
sis of symmetry could not be rejected 
for the 530 and 580 gradients, since 
the interaction F in each case was less 
than 1.00. This appears to conform 
to the’ AA hypothesis. On the other 
hand, however, significant asym- 
metries contrary to the direction indi- 
cated by the AA function are revealed 
in the analyses of variance for the 550 
and 600 My groups. The interaction 
F for the 550 My gradient is 8.39, 
which is significant beyond the .1% 
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Fic. 3. Mean generalization gradients, first and 
second test, for all CS groups combined 
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Fic. 4. Individual generalization gradients 
for 12 Ss representing various CS groups and 
levels of response strength. Solid lines desiz? 
nate the first test, broken lines the second test 


level for 4, 20 df; the F for the 600 
Muy gradient is 5.85, which is signifi- 
cant beyond the 1% level for 3, 15 
df# 
» The results of the second generaliza- 
tion test, shown in Fig. 2, are highly 
similar to those obtained in the first 
test. In general, all gradients are 
reduced in height and the differences 
in vertical displacement and slope are 
attenuated. Neither the F for verti- 
cal displacement nor the F for slope 
difference is significant (P & .20). 
The hypothesis of symmetry can be 
rejected only for the 600 My gradient, 
since F = 3.44 (3, 15 df; O25 <P 
< .05). The relationships among the 
* The number of df is reduced for the (OO My 


group because only four points to the right of the 
CS were available for analysis 
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Fic. 5, 





Mean generalization gradients for groups of eight Ss differing in 


total number of responses, first test. 


gradients for the second generalization 
test are such that the curves can be 
nearly superimposed by translating 
them along the wave-length axis to a 
common C$ point. 

The relationships between the mean 
generalization gradient for all groups 
in the first test and the mean for all 
groups in the second test are shown in 
Fig. 3. 

Individual generalization gradients. 
~—-Twelve pairs of individual general- 
ization gradients for the first and sec- 
ond tests are shown in Fig. 4. These 
gradients are arranged in order of 
ascending response rate, and for each 
CS group the Ss presented are the 
lowest, the highest, and the S nearest 
the group median. Perhaps the most 
salient aspect of these curves is the 
orderliness and reproducibility of the 
generalization process within the in- 
dividual S. Although these gradients 
are summed over the individual's 
schedule of 132 stimulus presentations, 
it is interesting that a similar bidirec- 








tional gradient may be obtained from 
any one series of 11 stimulus presenta- 
tions. A second interesting feature 
of these curves is the extent to which 
each S produces a gradient in the 
second test which is almost a replica 
of the first. 

An examination of the individual 
gradients suggests that the averaged 
gradients in Fig. 3 are not entirely 
representative of the generalization 
phenomenon for the single S. For 
some Ss the curves are bilaterally 
convex, for some, concave, and for 
others, concave on one side and con- 
vex on the other. Certain Ss, such as 
Animal E (Fig. 4, second test), ex- 
hibit linearity over a major portion of 
the gradient. The linearity observed 
over the central range of the averaged 
curve (Fig. 3) may well be the result 
of a random distribution of concavi- 
ties and convexities. 

It may also be noted in Fig. 4 that 
certain Ss show maximum responding 
ata point either +10 My from the CS. 
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In some instances this contributes to 
the departure from symmetry of the 
averaged group curves (Fig. 1). 

The generalization gradient as a 
function of differences in response 
strength.-The averaged gradients in 
Fig. 5 were obtained by dividing the 
24 Ss (without respect to CS group) 
into three relatively homogeneous sub- 
groups in terms of total responses for 
the first generalization test. As the 
total response level is reduced, the 
generalization gradient becomes uni- 
formly flatter. Tests of trend differ- 
ences over the right and left halves of 
the gradients separately permit re- 
jection of the hypothesis that the 
curves are parallel. On the right 
side, the interaction F = 22.4 (8, 84 
df; P < .OO1) while F for vertical dis- 
placement is 19.8 (2, 21 df; P < .OO1). 
The interaction F for the left halves is 
5.15 (8, 84 df; P < .0O1), while the 
vertical displacement F = 19.5 (2, 
21 df; P < OO). In a later section 
we shall analyze in greater detail the 
nature of these interactions. 
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Additional information concerning 
changes in the generalization gradient 
associated with changes in level of 
responding may be obtained from an 
analysis of the extinction process oc- 
curring during the generalization test. 
The generalization gradients in Fig. 6 
are based upon the total responses of 
all Ss and represent the average per- 
formance for successive blocks of 33 
stimulus presentations. The gradient 
for the first quarter of the extinction 
series is relatively steep, and the gradi- 
ents for the succeeding quarters be- 
come progressively flatter. These 
changes bear a strong resemblance to 
those shown by the response-strength 
subgroups in Fig. 5. Furthermore, 
the gradients for the successive stages 
of extinction (Fig. 6) display a de- 
parture from parallelism on both sides 
of the CS. The interaction F’s for 
the right and left halves of the gradi- 
ents are 8.22 and 6.40, both significant 
beyond the .1% level for 12, 276 df 

The similarities between the changes 
in the form of the generalization 





Fic. 6. Mean generalization gradients for successive fourths of first test 
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gradient during extinction (Fig. 6) 
and the changes associated with indi- 
vidual differences in response strength 
(Fig. 5) strongly suggest that both 
sets of changes may be represented by 
a common function. In order to ob- 
tain a graphical comparison of these 
changes, each bidirectional gradient 
for the first generalization test in Fig. 
5 and 6 was first converted to a uni- 
directional gradient by averaging the 
response rates for +10 Mu, +20 My, 
etc., and converting to a common 
scale of responses per minute, Next, 
an index* of the total rate of re- 


* The index used was 


‘ : 
Res + = ( LRyi0mp 1% 10My 
[Ry some + Roomy) ) 


Pas ? 


Rate of responding for various test stimuli as a function of total response strength 


sponding (in responses per minute) 
was determined for each gradient 
In Fig. 7 the values from each 
unidirectional gradient are plotted 
on ordinates erected at points cor- 
responding to the total response 
strength for that gradient. ‘The lines 
in this figure connect the same test 
stimulus values for the various gradi- 
ents. Thus, the uppermost pair of 
lines connect the CS values for the 
gradients in Fig. 5 and 6, the next 
pair of lines connect the values for 
+10 My, etc. These lines may be 
visualized as the contours of the sur- 
faces in Fig. 5 and 6. The high de- 





where R = rate of responding in responses per 
minute. This index provides that the values 
for the CS will lie along a line with a 0,0 inter 
cept, and permits a rescaling of the total ex 
tinction curve on a response strength axis. 
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gree of correspondence between these 
lines indicates that changes in general- 
ization as a function of response 
strength are the same whether the 
response strength varies within the 
individual, as in the course of extinc- 
tion, or whether response strength is 
considered as a parameter character- 
izing the differences between indi- 
viduals. 

The transformation of the data to 
the form shown in Fig. 7 suggests the 
mathematical operation necessary to 
predict generalization at one level of 
response strength given the general- 
ization function at a different level. 
The operation proposed by Hull (6) is 
multiplication by a constant. Miller 
(9) has suggested, in the context of a 
discussion of the effect of motivational 
changes on the gradient, that the con- 
version can be accomplished by add- 
ing a constant at every point on the 
gradient. If the multiplicative rela- 
tion holds, then all the lines in Fig. 7 


should pass through the point 0, 0, but 
if the additive relation obtains, then 
all the lines in this figure should be 
parallel to each other. 


The present 
results indicate that neither hypothe- 
sis alone provides a sufficient de- 
scription of the situation. The addi- 
tive relation appears to hold for values 
near the CS, but the multiplicative 
relation must be invoked for values 
further removed from the CS. 


Discussion 


The results of the present experiment 
do not appear to provide evidence for a 
correspondence between the discrimin- 
ability function for wave length of light 
(Ad vs. A) and the generalization process. 
Since some relationship is reasonable on 
logical and intuitive grounds, our results 
must be interpreted in the light of a 
number of possibilities. In the first 
place, the relationship may not, in fact, 
exist, because during generalization test 
ing the § is not making a comparative 


judgment. In formal terms, the 
analogy we have suggested between the 
generalization decrement and the differ 
ence limen may be misleading, because 
p(R) in one situation refers to a simple 
conditioned response, while in the psy 
chophysical experiment, p(R) is associ 
ated with a complex of discriminatory 
responses 


more 


The foregoing considerations, however, 
fall far short of excluding the possibility 
that a relationship does exist and that 
the present experiment has failed to dis- 
close it. Our results are compatible 
with the notion that the wave-length dis- 
criminability function for the pigeon is 
much flatter than has been reported (5), 
flatter in fact than that for humans. It 
may that the discriminability 
differences in our situation are attenu 
ated because the pigeon works in a dim 
light. Asacheck on the latter possibility 
a crude psychophysical experiment was 
performed on four human Ss using the 
method of minimal changes. The AA 
function obtained was not appreciably 
different from that generally reported; it 
showed minima in the blue and yellow 
regions, a maximum in the green, and 
differences on the order of 5:1. The 
same results were obtained in the dark 
and in the presence of dim light. 

Another factor in our experiment 
which might act to distort the expected 
relationship is brightness variation, since 
no attempt was made to equate the test 
stimuli for brightness or incident energy 
This might have the consequence of in 
creasing the slope of gradients passing 
into regions of lower visibility, and 
might account for the asymmetry of the 
gradient for 600 My. If, however, 
brightness were an important factor over 
all, it would be difficult to account for the 
high degree of similarity among the 
gradients plotted on a wave-length con 
tinuum, The extent to which brightness 
can be invoked as a variable is inversely 
proportional to the degree of relationship 
between changes in response rate and 
wave length. 

Finally, serious consideration must be 
given to the possibility that the relation 
ship between generalization and dis 
crimination is much more complex than 


also be 
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we have supposed. Before any general 
statement can be made concerning the 
independence of discriminability and 
stimulus generalization, the problems 
raised by the present experiment must 
be explored with other continua, species, 
and techniques. 

With respect to the issue of changes in 
the form of the generalization gradient 
with changes in response strength, our 
findings may be compared most directly 
with those of Margolius (8), who investi- 
gated changes in generalization as a func- 
tion of number of conditioning trials. 
In terms of the rate of responding meas- 
ure, Margolius found increases in the 
absolute and relativ. amounts of gen- 
eralization as the number of training 
trials increased. Margolius’ interpreta- 
tion of his findings is equivalent to what 
we have designated as the additive rela- 
tion. It will be recalled that for the 
present results, the additive hypothesis 
was tenable for the major area of the 
curve including values near the CS, and 
high response strengths, but for remote 
values of the stimuli and for low response 
strengths the additive relation fails. 
This suggests the possibility that the 
empirical gradient is comprised of two 
components, one which is linear on a 
wave-length scale and changes additively, 
and another which is curvilinear and 
changes multiplicatively. It may be 
that the second component is contributed 
by random responding and responding to 
extraneous stimuli accompanying the 
beginning of a trial. This separation of 
components implies that if the contribu- 
tion of the second component was re- 
duced, either experimentally or analyti- 
cally, the additive relation would become 
more conspicuous, 


SUMMARY 


An experiment was performed to test the 
hypothesis of a relationship between the dis- 
criminability of spectrum colors and stimulus 
generalization along the wave-length continuum. 
Four groups of s:< pigeons were trained to peck 
at a dise illuminated by monochromatic lights 
corresponding to 530, 550, 580, and 600 My. 
Bidirectional generalization gradients were ob- 
tained from measures of response rate during ex- 
tinction, These gradients were of highly com- 


parable forms for the various spectral regions 
tested. The results open the possibility of an 
independence between the generalization decre- 
ment and the discriminability of stimuli. 

Changes in the generalization gradient accom- 
panying changes in response strength were in- 
vestigated. A close correspondence was found 
between changes in the form of the gradient 
during extinction and changes associated with 
individual differences in response strength. In 
both cases the changes appear to be describable 
by means of a combined additive and multiplica- 
tive relationship. 
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